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For  twenty-one  years,  SEl  has  specialized  in  sub-surface 
studies  of  the  domestic  oil  provinces  .  from  Canada  to 
the  Gulf.  Numerous  innovations  in  instrumentation,  inter¬ 
pretation,  and  field  technique  have  kept  SEl  in  the  fore¬ 
front.  For  example,  in  difficult  areas,  SEl  has  been  a 
pioneer  in  the  use  of  patterns  of  multiple  shot  holes  and 
geophone  arrays 

Your  exploration  program  is  in  capable  hands  at  SEl. 
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We’ve  never  made  a  rock  bit  that  completely  satisfied  us  . . .  and  we 
never  will,  although  we  have  made  millions  of  bits.  One  improvement 
has  invariably  led  to  others,  opening  new  frontiers  for  research  and 
progress.  As  a  result,  record  breaking  bits  of  not  too  many  years  ago 
have  become  today’s  museum  pieces. 

Through  the  years  Hughes  Tool  Company’s  expenditures  in  research 
and  engineering  to  improve  the  performance  of  its  bits  and  advance 
rotary  drilling  have  run  into  millions  of  dollars.  Currently, 
these  expenditures  are  at  a  rate  of  more  than  $  1 ,5  00,000  per 
year. 

This  continuing  research  enables  Hughes  to  keep  pace 
with  the  constantly  changing  needs  of  a  fast  moving  drilling 
industry.  Progress  dictates  that  we  can  never  be  satisfied 
with  any  improvement  of  the  moment. 
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COVER  PICTURE 


This  picture  was  taken  on  the  Art  Baughman  farm,  Raymondville, 
Texas,  which  is  in  the  Willacy-Hidalgo  Soil  Conservtion  District.  It  shows 
contour  rows  filled  with  water  after  a  heavy  downpour.  This  water  would 
have  run  off  and  been  lost  for  future  crop  production  without  contour  rows. 
There  would  also  have  been  a  great  deal  of  erosion  accompanying  the  loss 
of  this  amount  of  water.  Photograph  courtesy  of  Mr.  Paul  H.  Walser,  State 
Conservationist,  United  States  Department  of  Agriculture  Soil  Conservation 
Service,  Temple,  Texas. 
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LOOKING  AHEAD  IN  SOIL  CONSERVATION 


PAUL  H.  WALSER 


U.  S.  Department  of  Agriculture  Soil  Conservation  Service 
Temple,  Texas 


Twenty  years  ago  soil  conservation  was  scarcely  more  than  a  theory. 
There  were  those,  of  course,  who  realized  that  erosion  was  a  menace,  but 
many  of  our  people  did  not  at  that  time  suspect  the  magnitude  of  the  danger. 
A  few  investigators,  however,  most  of  them  at  experiment  stations,  had 
begun  to  foresee  the  preventive  and  the  corrective  treatment  that  our  agri¬ 
cultural  lands  would  need  to  keep  them  producing  for  the  millions  and 
millions  of  Americans  who  must  draw  life  from  the  soil. 

Today  we  look  upon  soil  conservation  as  a  national  need  and  we  accept 
it  as  a  sound  way  of  conducting  the  business  of  farming.  We  have  made  a 
good  start  in  a  relatively  short  time.  A  part,  and  a  good  part,  of  the  job  has 
been  done,  and  the  farmers  and  ranch  operators  who  have  taken  the  lead  in 
this  foresighted  way  of  using  land  are  reaping  benefits  that  can  be  seen, 
weighed  and  copied  by  others. 

Today  a  large  segment  of  the  people  in  this  nation  see  and  understand 
the  need  for  soil  conservation.  It  is  being  discussed  and  taught  in  schools 
and  in  public  gatherings  not  directly  concerned  with  the  use  and  treatment 
of  land.  Colleges  have  introduced  courses  in  soil  conservation  and  the  number 
of  young  men  who  are  interesting  themselves  in  the  subject  as  a  life  work 
is  increasing  year  by  year. 

The  progress  we  have  made  has  come  in  the  last  10  years,  and  most  of 
our  real  achievements  from  a  very  practical  standpoint  have  occurred  during 
the  last  five  years.  The  rate  at  which  soil  and  water  conservation  practices 
are  being  applied  on  farm  and  ranch  land  is  more  rapid  now  than  at  any 
previous  time,  and  there  is  every  reason  to  believe  that  the  work  will  go 
ahead  at  a  faster  and  faster  rate. 

Therefore,  I  feel  that  all  of  us  who  are  concerned  directly  and  profes¬ 
sionally  with  this  program  can  look  ahead  with  optimism.  There  are  several 
reasons. 

Organized  soil  conservation  districts  now  cover  well  over  90  per  cent 
of  the  farm  and  ranch  lands  of  Texas.  The  governing  bodies  of  these  districts 
have  progressed  through  the  trial  and  error  stage  and  now,  equipped  with 
experience  and  a  practical  understanding  of  their  problems,  are  going  ahead 
at  quickening  pace  with  the  job  for  which  they  were  conceived.  These  boards 
of  district  supervisors  are  exercising  the  leadership  which  was  and  is  expected 
of  them.  They  are  making  good  use  of  the  facilities  that  the  Soil  Conserva¬ 
tion  Service,  the  Agricultural  Conservation  Program  and  the  other  agencies 
and  organizations  have  to  offer.  They  are  helping  to  spread  a  public  con¬ 
sciousness  of  the  need  for  conservation  and  a  new  appreciation  of  land  and  its 
characteristics  among  all  groups. 
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Technical  know-how  has  made  rapid  strides  in  the  last  decade  and  now 
has  reached  the  point  at  which  it  can  perform  greater-than-ever  service  for 
the  landowner  and  operator.  This  know-how  represents  as  skilled  and  exper¬ 
ienced  a  technical  force  as  you  will  find  in  American  agriculture  today.  It  is 
provided  for  the  most  part  by  agencies  of  state  and  federal  governments;  and 
of  course  as  State  Conservationist  of  the  Soil  Conservation  Service  I  must 
offer  the  Soil  Conservation  Service,  as  the  leader  in  this  field.  This  Service  is 
the  agency  which  has  been  given  the  assignment  by  the  Department  of  Agri¬ 
culture  to  devote  all  its  skills  and  energies  to  the  assistance  of  American 
farmers  and  ranchers  in  their  problems  of  soil  and  water  conservation.  The 
devotion  of  this  agency  to  its  work  has  paid  off  to  the  lasting  benefit  of  the 
men  who  own  and  operate  the  soil.  Its  search  for  effective  methods  and 
means  of  attacking  the  problems  of  erosion  and  soil  depletion  has  resulted  in 
a  vast  contribution  to  the  nation’s  agriculture.  This  work  will  continue  and 
on  a  vaster  scale.  There  are  technical  problems  yet  to  be  solved,  but  I  hold 
they  are  not  without  solution.  The  same  faith  and  determination  which  has 
led  to  other  advancement  will  certainly  lead  to  more. 

Inasmuch  as  our  potential  in  accomplishments  for  the  future  is  founded 
largely  upon  what  we  have  done  in  the  immediate  past,  I  can  point  with 
considerable  pride  to  the  advancement  we  have  made  in  the  use  of  legumes 
and  grasses  in  the  conservation  program.  Using  legumes  and  grasses  in  con¬ 
servation  cropping  systems  is  a  basic  practice  in  the  protection  and  improve¬ 
ment  of  agricultural  land.  The  use  of  this  practice  is  spreading  as  never 
before.  It  will  continue  to  spread. 

The  use  of  grasses  and  legumes  in  permanent  tame  pasture  is  another 
phase  of  our  program  that  has  been  receiving  increasing  attention.  Livestock 
owners  have  increased  production  far  beyond  expectations  in  many  instances. 
This  practice  will  spread  rapidly,  and  we  shall  find  new  combinations  that 
will  be  even  more  productive  than  those  we  are  making  use  of  now. 

The  seeding  of  perennial  grasses  on  land  not  suited  to  cultivation  has 
won  the  attention  of  thousands  of  landowners  in  the  last  10  years.  The  use 
of  grass  in  soil  conservation  has  been  an  extremely  useful  and  effective  tool. 
It  is  a  tool  that  has  paid  good  dividends  in  restoring  damaged  land  to  a  stable, 
productive  state.  Seed  production  and  seed  harvest,  both  of  grasses  and 
legumes,  have  become  new  and  important  phases  of  the  seed  industry.  The 
rate  at  which  this  activity  has  been  increasing  indicates  it  is  still  far  from 
a  peak. 

Stubble  mulching  has  proved  itself  an  extremely  effective  practice  in 
the  conservation  and  improvement  of  soil.  It,  too,  can  be  counted  on  to 
claim  wider  attention  in  years  to  come.  Its  usefulness  in  preventing  erosion 
and  in  helping  to  maintain  a  high  level  of  organic  matter  in  the  soil  is  highly 
respected. 

The  few  years  just  behind  us  have  brought  important  advances  in  range 
conservation.  This  practice  in  soil  conservation  got  off  at  first  to  a  slow 
start,  but  its  more  recent  rate  of  progress  has  been  extremely  rapid.  It  has 
won  high  esteem  among  ranchers  the  nation  over.  Its  further  acceptance  as 
a  way  toward  a  sound  grassland  economy  cannot  be  questioned. 

The  importance  of  this  progress  in  range  conservation  cannot  be  dis¬ 
missed  lightly.  Over  half  of  the  yearly  forage  for  Texas  livestock  comes 
from  native  grass.  Any  substantial  gain  in  the  production  of  grass  volume 
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means  a  like  gain  in  the  production  of  livestock  and  livestock  products. 
And  that  means  greater  income  for  the  men  who  own  and  operate  range 
lands. 

The  invasion  of  waste  trees  and  brush  in  the  range  country^  however, 
is  a  problem  which  has  as  yet  no  adequate  answer.  There  are  80  to  90  million 
acres  of  these  plants,  all  of  them  helping  to  retard  or  reduce  grassland  gains. 
The  solution  to  this  problem  lies  in  the  future,  but  1  predict  that  it  will  be 
solved.  Until  we  do  solve  it,  however,  mesquite  v/ill  spread  at  the  rate  of 
3  00,000  acres  a  year,  cedar  at  2  5,000  acres,  huisache  20,000  and  sand  sage¬ 
brush  at  10,000.  Control  of  this  costly  growth  must  be  achieved  through 
good  range  management,  mechanical  and  chemical  controls  and  through 
artificial  range  seeding. 

In  woodland  conservation  our  progress  may  have  been  less  than  we 
might  reasonably  have  expected.  However,  this  phase  of  our  program  is  going 
ahead  now  at  a  greatly  accelerated  pace.  In  the  Soil  Conservation  Service  we 
now  have  recognized  that  in  farm  forestry,  as  in  other  phases  of  this  pro¬ 
gram,  the  primary  problem  is  the  reluctance  of  people  to  accept  this  new 
concept  in  forestry  management.  We  are  now  passing  on  to  the  farmer  and 
other  owners  simple  principles  that  they  can  readily  use  in  managing  wood¬ 
lands  however  small  or  large  they  may  be.  I  foresee  substantial  gains  in  the 
near  future  in  the  conservation  care  of  our  woodlands. 

A  growing  interest  in  the  future  of  water  in  the  Southwest  indicates,  to 
me,  that  water  needs  will  be  met  and  that,  when  they  are,  soil  and  water 
conservation  measures  will  play  a  big  part.  The  problems  of  water  are  in¬ 
separable  from  those  of  soil  and  when  we  have  solved  the  soil  phase  of  the 
matter  we  also  have  solved  the  other.  We  have  in  Texas  much  land  which 
needs  only  water  and  good  treatment  to  make  it  abundantly  productive. 
The  conservation  of  supplies  now  available  and  the  development  of  new 
sources  lie  ahead. 

The  drainage  of  wet  lands  represents  a  broadening  opportunity  in  this 
state.  The  cooperation  of  state  and  federal  agencies  is  continually  opening 
new  outlets  for  excess  water.  Records  of  increased  production  from  lands 
formerly  too  wet  for  successful  cultivation  have  been  most  convincing. 
There  is  still  much  of  it  to  be  done. 

A  heightening  public  interest  in  agricultural  flood  prevention  should 
lead  to  more  and  more  activity  on  this  front.  Some  of  the  state’s  most  pro¬ 
ductive  land  lies  in  creek  and  river  bottoms.  Crop  yields  in  too  many  in¬ 
stances  are  sporadic,  with  floodwaters  making  cultivation  unprofitable  or 
cutting  production  far  below  potentials.  Therefore,  the  application  of  land 
treatment  measures  in  creek  watersheds  with  engineering  measures  to  slow 
down  runoff  offers  a  promising  future  for  the  agriculture  of  Texas.  Opera¬ 
tions  already  are  under  way  in  the  Trinity  and  Middle  Colorado  watersheds. 
They  are  far  enough  along  in  Honey  Creek  above  McKinney  in  the  East 
Fork  of  the  Trinity  to  furnish  scon  a  real  example  of  the  effectiveness  of  this 
program. 

A  closer  working  relationship  with  the  Agricultural  Conservation  Pro¬ 
gram,  a  development  of  recent  months,  has  paved  the  way  for  faster  progress. 
This  new  relationship  between  two  agencies  striving  toward  the  same  goal 
means  new  convenience  and  better  service  for  the  farmer  or  rancher  seeking 
help  and  more  widely  effective  assistance  by  the  working^  force  in  the  field. 
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In  a  summary  of  the  factors  and  conditions  upon  which  I  base  a  note  of 
optimism  for  soil  and  water  conservation  in  coming  years,  I  believe  there  is 
one  fundamental  reason  for  our  present  encouraging  rate  of  progress  and  our 
brightening  opportunities  for  the  future.  This  is  the  widening  acceptance  by 
the  public  of  Nature’s  unchanging  and  unchangeable  plan  for  the  sustenance 
of  mankind  and  all  other  living  creatures  on  the  earth.  Our  problem  in  the 
use  of  land  should  never  have  been  a  difficult  one— for  man  had  only  to 
observe  and  to  copy  in  principle  the  ways  of  Nature. 

However,  in  departing  from  these  principles  which  are  Nature’s  guide- 
posts,  man  has  heaped  trouble  upon  himself.  In  his  search  for  food  he  has  too 
often  abused  and  neglected  this  life-sustaining  resource.  And  he  and  his 
descendents  have  paid  and  they  will  always  pay. 

In  our  program  of  soil  and  water  conservation,  we  return  to  the  simple 
procedures  of  Nature’s  plan,  using  our  endowment  for  the  things  to  which 
it  is  suited  and  giving  damaged  land  the  treatment  it  needs  to  restore  it  in 
time  to  a  state  as  near  as  possible  to  the  original  condition.  This  is  the  con¬ 
servation  objective  of  the  Department  of  Agriculture,  stated  in  the  recent 
memorandum  which  consolidated  the  efforts  of  the  agencies  involved. 

This  new  understanding  of  Nature’s  pattern  and  the  appreciation  of 
this  essential  resource,  the  soil,  is  more  and  more  apparent  on  every  hand, 
not  only  among  men  and  women  who  are  concerned  with  the  production  of 
agricultural  goods  but  among  all  groups,  civic,  commercial,  religious  or 
educational.  Our  children  are  developing  this  appreciation  in  classrooms,  our 
business  men  are  hearing  about  it  and  talking  to  others  about  its  importance 
as  a  factor  in  good  business.  We  even  hear  about  it  in  our  churches.  And  this 
is  a  fitting  place  for  our  people  to  learn  this  lesson,  for  the  Bible  is  filled 
with  references  to  the  stewardship  of  land. 

We  are  inclined  to  think  of  this  problem  as  applying  only  to  our  nation, 
but  the  need  is  even  more  desperate  in  some  of  the  other  countries  of  the 
world.  And  here  we  may  look  to  further  progress:  for  this  new  respect  for 
the  land  and  its  limitations  is  spreading  to  every  corner. 

We  are  on  the  threshold  of  a  new  era  in  agriculture,  one  in  which  the 
right  use  and  appropriate  treatment  for  land  are  unfailing  guides  to  the 
perpetuation  of  mankind. 


FACTORS  AFFECTING  TRAIT  FREQUENCIES 
IN  HUMAN  POPULATIONS^ 


C.  P.  OLIVER 
The  University  of  Texas 

INTRODUCTION 

A  better  understanding  of  human  relationships  is  resulting  from  the 
cooperative  research  of  anthropologists,  geneticists,  and  workers  in  other 
related  fields.  Some  easily  recognized  and  regularly  occurring  morphologi¬ 
cal  variations  have  been  used  to  divide  human  beings  into  a  few  racial 
groups.  For  finer  divisions  of  the  main  groups  investigators  have  sought 
other  characteristics.  With  the  aid  of  additional  traits  it  has  been  possible 
to  show  relationships  among  groups  of  people  which  could  not  be  recognized 
from  earlier  investigations. 

A  characteristic  which  is  ideal  for  the  study  of  populations  is  one 
which  recurs  generation  after  generation  and  has  a  genetic  basis.  The  fre¬ 
quency  with  which  a  hereditary  trait  occurs  may  vary  over  a  period  of  gen¬ 
erations.  Under  ordinary  circumstances,  though,  the  change  in  trait  fre¬ 
quency  will  be  so  slight  that  it  is  possible  to  repeat  studies  for  comparative 
purposes.  If  an  environmental  agent  causes  a  trait,  studies  of  the  charac¬ 
teristic  in  two  generations  may  cause  misinterpretations.  The  necessary 
environmental  agent  may  exist  in  one  generation,  but  not  in  the  next,  and 
thus  result  in  striking  variations  in  the  trait  frequency. 

INCREASED  KNOWLEDGE  ABOUT  HEREDITARY  TYPES 

The  vascular  system  of  man  has  made  possible  a  number  of  useful 
genetic  traits.  Antigens  associated  with  red  blood  cells  can  be  identified 
with  relative  ease  and  blood  types  thereby  determined.  An  investigator  can 
repeat  his  own  studies  on  antigens  as  well  as  use  data  collected  by  other 
workers  with  assurance  that  the  blood  typing  can  be  relied  upon.  The 
genetic  basis  of  several  blood  types  is  known. 

The  history  of  the  use  which  has  been  made  of  blood  types  in  the  study 
of  population  relationships  shows  the  benefits  to  be  derived  from  increasing 
our  knowledge  about  human  hereditary  traits.  Landsteiner  in  1900  first  dis¬ 
covered  the  four  blood  groups  in  man  which  are  based  on  the  presence  or 
absence  of  antigens  A  and  B.  Within  a  few  years  investigators  concluded 
that  a  person’s  blood  group  is  determined  by  a  complex  of  genes.  In  1924 
Bernstein  showed  that  the  distribution  of  the  blood  groups  are  in  agreement 
with  results  to  be  expected  if  a  series  of  multiple  alleles  is  involved. 

It  became  evident  that  distinct  racial  groups  differed  in  frequencies 
of  the  four  blood  groups  but  that  most  races  included  some  members  in 
each  of  the  four  blood  groups.  Sub-populations  in  one  race  also  differ  in 


1  Read  at  a  symposium  on  "Population  Genetics”  at  the  annual  meeting  of  the  Texas 
Academy  of  Science,  Austin,  Texas,  December  8,  1951. 
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relative  frequencies  of  the  blood  groups  and  of  the  genes.  In  this  country, 
for  example,  the  frequency  of  the  gene  responsible  for  antigen  B  is  higher 
in  certain  localities  than  in  others. 

Within  the  past  few  years  other  antigens  have  been  discovered  in  man. 
These  are  due  to  genes  which  are  inherited  independently  of  those  responsible 
for  the  A-B  types.  A  summary  of  the  history  of  these  discoveries  has  been 
given  by  Race  (1951).  All  of  the  new  types  increase  the  possibility  of  a 
more  complete  understanding  of  population  relationships.  Combinations  of 
the  blood  types  lead  to  some  complexities,  as  might  be  expected.  For  ex¬ 
ample,  one  blood  type,  the  Lewis,  was  discovered  to  be  closely  associated 
with  the  ability  of  a  person  to  secrete  the  A-B  substances. 

Sub-groups  of  the  ABO,  MN,  and  Rh  blood  types  have  been  discov¬ 
ered.  These  discoveries  have  helped  investigators  differentiate  people  where 
the  broader  phenotypes  were  not  sufficient  for  that  purpose.  Australian 
aborigines  and  New  Guinea  natives  were  known  to  have  similar  gene  fre¬ 
quencies  as  determined  by  studies  of  M-N  blood  types.  After  the  sub¬ 
divisions  MS,  Ms,  etc.,  became  known  in  1947,  investigators  showed  that 
the  two  groups  of  people  are  markedly  unlike  for  the  presence  and  absence 
of  the  '^S”  subdivision.  Australian  people  do  not  have  the  MS  type  which 
is  present  in  New  Guineans. 

Subdivisions  of  the  Rh-positive  blood  type  have  also  become  a  tool 
which  can  be  used  to  increase  cur  knowledge  of  diversity  in  gene  frequency 
and  blood  types  among  some  human  groups.  North  Europeans  and  Africans 
south  of  the  Sahara  Desert  differ  in  proportions  of  Rh-positive  and  Rh- 
negative  members,  but  not  in  such  a  striking  manner.  A  remarkable  differ¬ 
ence  in  the  alleles  causing  the  Rh-positive  type  does  exist.  The  Rh-positive 
Europeans  have  a  very  high  frequency  of  Ri  (also  called  R®’  or  CDe).  The 
Rh-positive  people  in  Africa  have  a  high  frequence  of  the  R®  allele  (cDe), 
a  form  of  the  gene  occurring  infrequently  in  Europeans. 

VARIED  EXPRESSIONS  OF  HEREDITARY  TRAITS 

Other  genetic  traits  are  needed  for  population  studies.  Many  traits 
considered  to  be  hereditary  occur  so  infrequently  that  their  value  is  ques¬ 
tionable.  Some  other  traits  which  occur  frequently  enough  to  make  them 
useful  have  other  complications.  The  gene  may  not  always  be  expressed 
(reduced  penetrance)  or  the  trait  may  not  be  the  same  in  all  persons  hav¬ 
ing  the  gene  (varied  manifestation).  Investigators  who  do  not  recognize 
these  variations  may  report  trait  and  gene  frequencies  as  being  different 
in  two  populations  even  though  that  is  in  error. 

DENTAL  ANOMALIES 

All  men  have  the  same  general  dental  pattern.  The  teeth  are  hard 
structures  and  can  be  observed  easily  in  living  and  fossil  men.  If  variations 
of  teeth  occurred  frequently,  they  would  be  good  characteristics  to  use  in 
the  study  of  national  and  sub-population  diflferences.  This  would  not  be 
true  for  defects  such  as  opalescent  dentine  or  for  the  so-called  "brown” 
teeth  which  wear  down  to  the  gums.  Each  of  these  traits  has  a  dominant 
inheritance,  but  its  frequency  in  a  population  is  low. 

One  dental  anomaly,  congenital  absence  of  teeth,  occurs  with  a  fairly 
high  frequency  and  may  prove  to  be  a  useful  trait  in  the  study  of  sub¬ 
populations.  The  defect  is  not  merely  the  failure  of  teeth  to  erupt.  Certain 
teeth  fail  to  erupt  and  the  dental  buds  are  lacking. 
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Any  tooth  may  on  occasion  fail  to  develop,  but  the  problem  is  simpli¬ 
fied  by  the  fact  that  the  anomaly  is  usually  limited  to  only  certain  kinds 
of  teeth.  Approximately  2  5  percent  of  our  people  fail  to  develop  one  or 
more  of  the  third  molars.  The  next  most  frequently  missing  teeth  are  the 
second  bicuspids,  or  premolars.  Upper  lateral  (second)  incisor  teeth  are 
involved  about  as  frequently  as  the  second  bicuspids.  Canine  teeth  are  rarely 
missing  unless  a  person  has  one  of  the  diseases  which  affects  teeth  as  well 
as  other  structures  of  the  body. 

Among  the  patients  of  a  dental  clinic  studied  by  Brekhus,  Oliver  and 
Montelius,  3  52  non-related  persons  were  discovered  who  lacked  one  or  more 
of  their  teeth.  In  all,  1189  teeth  had  failed  to  develop.  The  study  did  not 
include  the  third  molar  teeth  unless  some  other  condition  caused  the  indi¬ 
vidual  to  be  included  as  a  subject.  Nevertheless  2  82  of  the  absent  teeth 
were  third  molars.  There  were  329  second  bicuspids  and  3  32  upper  second 
incisor  teeth  missing  or  very  abnormal  in  shape. 

Congenital  absence  of  teeth  is  not  a  rare  anomaly.  In  the  report  by 
Oliver,  Brekhus  and  Montelius,  2.4  percent  of  4000  subjects  lacked  one  or 
more  of  the  second  bicuspid  teeth,  and  2.1  percent  had  involvement  of  the 
upper  second  incisor  teeth. 

Second  bicuspid  teeth  can  be  used  for  studies  of  trait  differences  only 
with  difficulty.  A  deciduous  tooth  which  has  been  retained  may  in  some 
cases  be  mistaken  for  a  permanent  tooth.  One  such  case  occurred  in  our 
study.  A  young  man  became  indignant  because  we  asked  him  about  his 
missing  second  bicuspid.  He  stated  with  emphasis  that  he  had  all  32  teeth 
and  advised  us  to  check  oral  radiographs  which  had  been  made  if  we  would 
not  accept  his  word.  The  radiographs  showed  that  a  deciduous  tooth  filled 
the  space  for  a  permanent  tooth  which  would  never  develop. 

Upper  second  incisors  are  more  easily  studied.  A  layman  can  detect  the 
absence  or  very  abnormal  shape  of  the  tooth.  The  incisor  teeth  are  frequently 
missing,  the  frequencies  among  different  groups  varying  from  one  to  5.1 
percent  according  to  reports.  The  group  differences  may  represent  true 
population  differences,  but  they  may  be  closely  linked  with  the  varied  mani¬ 
festations  of  the  trait  and  the  failure  of  workers  to  take  into  consideration 
these  variations.  Anomalies  of  the  upper  lateral  incisor  teeth  range  from 
slight  decrease  in  size,  though  abnormal  shape,  to  total  absence  of  the  teeth. 
A  number  of  persons  have  twin  or  supernumerary  second  incisor  teeth.  It 
seems  probable  that  one  primary  gene-pair  is  involved  in  the  lateral  incisor 
defect.  Causes  of  the  differences  in  degree  of  severity  are  as  yet  unknown. 

Variation  in  the  trait  sometimes  causes  asymmetrical  expression  in  a 
person.  Relatives  with  the  trait  also  may  differ  in  type  of  expression.  The 
variations  and  their  frequencies  among  212  probands  and  122  close  relatives 
are  shown  in  Table  I.  Probands  who  lacked  both  lateral  incisors  occurred 
most  frequently  (45.8%  of  probands).  Another  10,8%  has  a  pair  of  peg¬ 
shaped  incisors.  In  15.6%  one  tooth  was  absent,  but  the  other  was  peg¬ 
shaped.  All  other  probands  had  an  anomaly  on  only  one  side,  either  one  miss¬ 
ing  (15.1%)  or  one  peg-shaped  (7.5%)  or  a  supernumerary  (5.2%).  The 
various  anomalies  occurred  in  the  affected'  relatives  in  approximately  the 
same  proportions  as  in  the  probands. 

Comparisons  of  affected  siblings  and  of  affected  parent-child  combi¬ 
nations  show  that  relatives  tend  to  have  the  same  degree  of  expression  of 
the  anomaly,  but  exceptions  are  often  observed.  In  one  sibship,  three  affected 
members  had  three  varieties  of  the  trait:  both  incisors  absent  in  one;  one 
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absent  and  one  pegged  in  another;  one  peg-shaped  and  the  other  present  in 
a  third  member.  All  of  the  affected  children  of  the  three  siblings  had  the 
severest  anomaly,  or  both  sides  lacking  the  second  incisors.  In  another 
family,  a  father  with  both  upper  second  incisor  teeth  peg-shaped  produced 
three  affected  children;  their  traits  were:  both  teeth  absent  in  one;  both 
peg-shaped  in  a  second;  and  in  the  third  child  only  one  side  affected  and 
that  being  a  peg-shaped  tooth.  Family  histories  show  that  parents  lacking 
both  incisor  teeth  may  on  occasion  produce  affected  children  with  several 
gradations  of  the  anomaly. 

The  usefulness  of  the  dental  anomaly  for  comparative  studies  of  human 
populations  is  decreased  by  another  genetic  phenomenon.  We  believe  that 
the  congenital  absence  of  teeth  has  a  mendelian  dominant  inheritance  but 
that  penetrance  of  the  gene  is  reduced  to  approximately  50  percent.  Some 
extensive  family  histories  are  in  agreement  with  dominant  inheritance.  A 
number  of  others  have  probands  whose  parents  were  normal.  It  is  always 
probable  that  more  than  one  genotype  is  responsible  for  one  phenotype.  In 
some  family  histories,  though,  the  data  support  the  conclusion  that  an  oc¬ 
casional  "normal”  person  had  a  dominant  gene  for  the  trait.  To  cite  one 
such  case:  a  family  history  includes  a  number  of  affected  members,  each 
having  the  severest  anomaly  (both  teeth  absent).  Each  affected  person  had 
an  affected  parent,  with  one  exception.  One  woman  with  a  full  complement 
of  permanent  teeth  had  a  mother  and  several  close  relatives  with  the  trait. 
The  normal  woman  produced  a  child  lacking  both  upper  lateral  incisor 
teeth.  This  was  the  only  evidence  of  skipping  a  generation  in  the  family 
group.  It  is  considered  to  be  an  instance  of  failure  of  a  dominant  gene  to 
be  expressed  in  the  parent.  There  are  other  family  histories  with  similar 
patterns. 


Table  I 

INDIVIDUAL  VARIATION— UPPER  LATERAL  INCISOR  TEETH 


Type  of 

Anomaly 

Propositi 

% 

Relatives 
of  Propositi 

Total 

Cases 

% 

Missing 
both  sides 

97 

45.8 

72 

169 

50.6 

Peg-shaped 

both  sides 

23 

10.8 

23 

46 

13.8 

Missing 
one  side 

Peg-shaped 

33 

15.6 

5 

38 

11.4 

Missing  one 

side  only 

32 

15.1 

10 

42 

12.6 

Peg-shaped 

one  side  only 

16 

7.5 

9 

25 

7.5 

Supernumerary 

11 

5.2 

3 

14 

4.2 

TOTALS 

212 

100.0 

122 

334 

100.0 
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PTC  TASTE  DEFICIENCY 

Another  trait  has  many  factors  which  make  it  a  good  one  for  compara¬ 
tive  studies  of  populations.  Yet  some  workers  shy  away  from  its  use.  This 
is  the  ability  to  taste  phenyl-thio-carbamide.  A  genetic  basis  for  the  trait 
has  been  established.  Inability  to  taste  the  compound  is  recessively  inherited. 

Racial  groups  differ  in  the  proportions  of  tasters  and  non-tasters  among 
their  members.  Anglo-Americans  have  a  relatively  low  proportion  of  tasters 
as  compared  to  other  racial  groups.  Snyder  (1932)  reported  that  70.2% 
of  U.S.  whites  are  tasters.  Among  American  Indians  93.9%  are  tasters 
(Levine  and  Anderson,  1932).  In  U.S.  Negroes  the  frequency  is  91.8% 
(Lee,  1943).  Rife  (1948)  also  reported  that  cultural  groups  within  a  race 
vary  in  their  relative  frequencies  of  tasters. 

Difficulties  arise,  however,  because  of  variations  in  taste  reactions 
among  persons  who  are  tasters.  Some  taste  the  substance  as  soon  as  it  is 
touched  to  the  tongue.  Others  require  a  longer  time  before  they  recognize 
that  the  chemical  is  present.  A  low  concentration  can  be  tasted  by  one 
person  but  not  by  another,  although  the  second  may  be  able  to  taste  a 
higher  concentration.  It  is  not  possible,  therefore,  to  use  the  trait  for  com¬ 
parative  studies  of  groups  unless  similar  methods  are  used  to  separate  tasters 
from  non-tasters. 

We  are  now  using  PTC  tests  in  a  comparative  study  of  three  racial 
groups  in  this  area.  Up  to  this  time,  our  data  show  that  the  Anglo-Americans 
have  the  lowest  proportion  of  tasters,  Mexican-Americans  the  highest,  and 
U.S.  Negroes  an  intermediate  frequency.  Our  completed  records  on  all  ex¬ 
cept  the  Anglo-Americans  are  relatively  few,  but  the  studies  are  being  con¬ 
tinued. 

Family  histories  collected  by  Hagy  show  some  of  the  complications 
which  may  arise  in  deciding  who  are  tasters  and  non-tasters.  Parents  and 
children  sometimes  differ  in  their  threshold  of  taste  reaction.  In  one  family, 
a  man  who  could  taste  the  chemical  only  if  a  high  concentration  (0.2%) 
was  used  married  a  woman  who  could  not  taste  even  that  high  concentra¬ 
tion.  They  produced  two  non-taster  and  two  taster  children,  one  of  whom 
could  taste  a  0.1%  and  the  other  a  0.05%  concentration. 

medical  care  and  custom 

Health  regulations  and  medical  care  may  play  a  part  in  determining 
the  occurrence  of  traits  in  the  various  racial  groups.  This  may  be  important 
in  sub-populations  of  one  racial  group.  The  traits  may,  of  course,  occur  so 
infrequently  that  they  are  not  too  useful  for  population  studies. 

Epidemics  can  cause  a  particular  trait  to  occur  with  a  high  frequency 
at  a  particular  time  and  thus  be  responsible  for  results  which  can  not  be 
repeated.  The  trait  may  be  similar  to  hereditary  traits  found  in  another 
population.  German  measles  in  a  woman  during  early  stages  of  pregnancy 
has  been  reported  as  a  cause  of  eye,  heart,  and  ear  defects  in  the  developing 
child.  This  association  was  first  reported  from  Australia.  Several  workers 
(Erickson,  Albaugh)  have  reported  similar  findings  in  this  country.  An 
area  in  which  lack  of  knowledge  about  the  disease  or  where  quarantine  regu¬ 
lations  are  not  practiced  may  have  an  epidemic  of  the  disease.  The  result 
could  be  a  "temporary”  high  incidence  of  congenital  cataract,  corneal 
capacity,  heart  lesions  and  microphthalmus. 


14 


The  Texas  Journal  of  Science 


1953,  No.  1 
March 


A  parasite,  Toxoplasma,  is  reported  to  be  responsible  for  certain  defects 
in  some  children  who  are  infected  during  their  fetal  history  (Adams  et  al, 
1946).  These  traits  include  hydrocephalus,  microcephalus,  microphthalmus 
and  chorioretinitis.  In  some  areas,  infection  is  known  to  be  epidemic  in 
nature.  Regions  which  vary  in  rate  of  infection  may  therefore  differ  in 
frequency  of  defects  related  to  the  parasite. 

COMPARATIVE  AGES  OF  POPULATIONS 

The  age  of  members  of  a  population  may  be  an  important  factor  in 
determining  the  morbidity  rate  for  that  population.  Cancer  of  certain  sites, 
such  as  breast,  stomach,  and  prostate,  would  be  expected  to  occur  with  high¬ 
er  frequency  in  an  older  population  than  would  be  true  in  a  population 
having  a  lower  average  age. 

Congenital  characteristics  are  found  in  some  instances  to  be  correlated 
with  maternal  age.  This  may  be  a  phenomenon  related  to  a  change  in  the 
physiology  of  all  older  women.  It  may  be  due  to  a  particular  genotype  in 
which  the  penetrance  or  expressivity  depends  upon  the  mother’s  physiology 
during  her  pregnancies.  Reports  have  been  made  of  anomalies  which  occur 
more  frequently  in  children  produced  by  older  women,  and  in  some  cases 
in  those  by  younger  women.  As  a  type  case  we  will  consider  mongolism. 

MONGOLISM 

The  physical  features  characterizing  mongolism  are  easily  recognized 
in  all  expect  the  less  severe  cases.  Mongolism  has  been  reported  in  at  least 
three  racial  groups.  The  majority  of  cases  so  far  reported  have  occurred  in 
the  Caucasian  race.  This  is  so  probably  because  more  complete  studies  have 
been  made  of  this  race.  In  Caucasians,  mongolism  occurs  no  less  frequently 
than  one  per  1000  births. 

Opinions  differ  as  to  how  important  heredity  is  in  causing  mongol¬ 
ism.  Twin-studies  support  the  conclusion  that  heredity  is  one  factor.  Most 
sibships,  though,  include  no  more  than  one  affected  child,  but  this  is  usu¬ 
ally  the  last  member.  Families  having  another  child  following  a  mongoloid 
child  represent  only  a  small  proportion  of  the  sibships  having  an  affected 
member.  Some  of  these  families  do  have  two  or  more  mongoloid  children. 

One  condition  found  to  be  closely  associated  with  the  occurrence  of 
mongolism  is  increased  age  of  mothers.  More  than  one-half  of  mothers  of 
mongoloid  children  are  3  5  years  of  age  or  older.  In  contrast,  approximately 
15  percent  of  all  births  in  1940  were  by  mothers  in  that  age  range.  The 
probability  that  a  woman  will  produce  a  mongoloid  child  rapidly  increases 
with  her  increase  in  age  (Benda)  provided  the  circumstances  present  that 
potentiality.  A  woman  who  has  produced  one  mongoloid  child  faces  a  risk 
that  a  subsequent  pregnancy  will  result  in  another  mongoloid.  This  chance 
is  40  times  that  for  a  woman  in  the  same  older-age  group  who  has  not 
produced  a  mongoloid  child  earlier  in  life  (Oliver,  1950). 

At  least  two  cultural  factors  may  cause  two  populations  to  differ  for 
frequency  of  mongolism.  We  can  assume  that  both  groups  of  people  have 
any  potentiality  necessary  for  the  trait  to  develop.  If  two  groups  have  similar 
customs  of  early  marriage  and  reproduction  is  rapid,  the  life  expectancy  of 
marriageable  women  influences  the  relative  rates  of  mongolism.  The  popu¬ 
lation  with  an  early  average  age  of  death  should  have  a  low  rate  of  mongol¬ 
ism  among  the  children.  Mothers  in  this  group  just  do  not  live  long  enough 
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for  many  of  them  to  develop  the  essential  environment  associated  with  in¬ 
creased  age.  The  group  with  a  later  average  age  of  death  will  have  a  high 
mongolism  frequency  if  the  women  continue  to  reproduce  throughout  the 
reproductive  age,  a  factor  we  assumed.  The  children  born  to  the  older 
women  will  face  the  proper  envirnoment  for  the  potentiality  to  be  expressed. 

Two  populations  in  which  social  or  economic  pressures  cause  women  to 
marry  at  different  age  levels  may  have  unlike  frequencies  of  mongoloid 
children.  Again  we  must  assume  that  both  groups  have  the  same  potentialities. 
A  woman  in  a  population  where  custom  and  opportunity  result  in  early  mar¬ 
riages  is  more  likely  to  have  a  large  family.  Most  of  her  children  will  be 
born  before  she  had  the  physiological  changes  making  a  mongoloid  possible. 
Therefore  the  ratio  of  mongoloid  to  non-mongoloid  children  will  be  low. 
A  woman  in  another  group  where  late  marriages  are  the  rule  will  tend  to 
have  a  smaller  family.  A  high  proportion  of  her  children  will  be  produced 
after  the  mother  is  in  the  critical  age  level,  depending  of  course  upon  when 
she  began  bearing  children.  The  proportion  of  mongoloids  among  all  children 
should  be  relatively  high  in  this  group.  This  emphasizes  the  error  in  count¬ 
ing  the  ratio  of  mongoloids  to  all  sibs.  The  more  accurate  measure  is  to 
determine  the  ratio  among  sibs  born  after  mothers  have  reached  the  critical 
age.  If  this  is  done,  the  two  populations  may  show  similar  trait  frequencies. 

It  becomes  necessary  to  know  something  about  the  cultural  life  of  the 
populations.  Comparative  ages  should  be  taken  into  consideration.  Obviously 
it  is  essential  that  the  investigators  know  whether  conditions  of  life  have  any 
effect  upon  the  trait  occurrence. 

OTHER  FACTORS 

There  are  a  number  of  other  factors  which  may  have  an  effect  on  trait 
frequency  and  gene  frequency.  Although  it  is  not  possible  here  to  discuss 
these  factors,  some  mention  of  them  may  be  made. 

Any  condition  which  affects  the  free  interchange  of  genes  will  be  effec¬ 
tive.  This  condition  may  arise  because  a  group  of  people  is  isolated  geo¬ 
graphically  or  culturally  from  other  groups.  Selection  of  mates,  or  assortive 
matings,  will  affect  trait  frequency.  Selection  against  a  trait  by  action  of 
man  himself  can  be  a  factor.  Mutation  can  not  be  ignored.  Repeated  muta¬ 
tions  may  increase  the  frequency  of  a  form  of  the  gene.  There  can  also  be 
more  than  two  forms  of  the  gene  occurring  as  a  result  of  mutations. 

SUMMARY 

1.  Additional  data  about  known  hereditary  traits  prove  useful  in  dif¬ 
ferentiating  people  into  definite  genetic  groups.  This  can  best  be  shown  by 
the  use  of  blood  groups.  New  blood  types  and  sub-divisions  of  known  types 
have  been  used  to  help  establish  that  populations  having  similar  character¬ 
istics  as  based  upon  coarse  phenotypes  actually  are  genetically  different  as 
determined  by  the  use  of  finer  phenotypes. 

2.  Some  traits  are  more  difficult  to  use  because  of  varied  manifestations 
which  may  also  result  in  reduced  penetrance.  Congenital  absence  of  teeth 
may  actually  occur  with  different  frequencies  in  two  populations.  The 
difference  will  seem  greater  than  it  actually  is  unless  workers  whose  data  are 
compared  have  given  due  consideration  to  all  variations  of  the  trait.  Diffi¬ 
culties  in  technique  as  well  as  in  variability,  as  shown  by  threshold  differ¬ 
ences,  may  prevent  measurement  of  true  frequencies  of  traits  such  as  PTC 
taste  deficiency. 
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3.  Medical  care  and  sanitation  practices  can  be  responsible  for  differences 
in  frequencies  for  certain  traits.  Some  diseases  result  in  anomalies,  many  of 
which  mimic  hereditary  traits.  In  localities  where  poorer  health  regulations 
are  followed,  an  epidemic  may  occur  and  result  in  an  increased  frequency 
for  a  particular  trait.  German  measles  and  toxoplasmosis  are  two  diseases 
which  may  cause  anomalies  in  children. 

4.  Custom  as  well  as  medical  care  are  two  factors  affecting  the  average 
age  of  a  population  and  differences  in  frequencies  of  traits  closely  associated 
with  age.  One  of  the  most  striking  effects  of  age  of  mothers  is  mongolism. 
The  trait  occurs  most  often  in  children  borne  by  older  mothers.  Differences 
in  life  expectancy  and  therefore  in  average  age  of  marriageable  women  may 
result  in  unlike  rates  of  mongolism  for  the  populations.  If  customs  lead  to 
differences  in  age  of  marriage,  the  effect  may  be  unlike  frequencies  of 
mongoloid  children.  In  the  latter  case,  the  difference  can  well  be  due  to  our 
error  in  determining  the  frequency  of  occurrence  of  the  trait. 
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FACTORS  AFFECTING  GENE  EXCHANGE  BETWEEN 
POPULATIONS  IN  THE  PEROMYSCUS  MANICULATUS  GROUP 


W.  FRANK  BLAIR 
University  of  Texas 

INTRODUCTION 

The  diflferentiation  of  geographic  sub-populations  within  a  species 
population  and  the  origin  of  new,  discrete  species  populations  are  directly 
related  to  gene  transfer  and  survival  in  natural  populations.  The  biological 
phenomena  of  geographic  differentiation  and  speciation  are,  therefore,  im¬ 
portant  phases  of  the  general  field  of  population  genetics.  We  hold  to  the 
current,  genetic  concept  of  the  species  as  a  potentially  interbreeding  popu¬ 
lation  or  series  of  populations  without  being  any  more  able  than  others  who 
have  attempted  it  to  define  the  species  so  precisely  as  the  classifier  of  animals 
might  wish. 

The  rate  of  dispersal  of  hereditary  characters  through  a  species  popula¬ 
tion  is  a  complex  quantity  that  may  be  affected  by  environmental  factors, 
by  the  dynamics  of  the  population  itself  and  by  the  pattern  of  distribution 
of  the  population.  A  mutation  theoretically  might  be  eliminated  at  the  point 
of  origin  if  it  was  sufficiently  disadaptive  for  that  environment  and  if  its 
effects  were  such  that  it  was  immediately  subjected  to  selection.  A  locally 
adaptive  genotype  would  be  subjected  to  increased  selection  pressure  as  it 
spread  into  areas  to  which  it  was  poorly  adaptive,  and  selection  pressure 
alone  could  theoretically  retard  or  inhibit  the  spread  of  hereditary  characters. 
The  tendency  for  an  individual  to  remain  in  an  area  of  familiar  terrain, 
once  sexual  maturity  has  been  reached,  tends  to  inhibit  the  mixing  of  here¬ 
ditary  materials  between  sub-populations.  On  the  other  hand,  the  tendency 
for  maturing  young  individuals  to  disperse  from  the  point  of  birth  at  the 
approach  of  sexual  maturity  favors  gene  exchange  between  sub-populations. 
The  pattern  of  distribution  of  the  whole  species  population,  whether  in 
numerous  semi-isolated  colonies  or  in  an  areally  continuous  population  (in 
the  sense  of  Wright,  1943),  also  affects  the  rate  of  gene  dispersal  and  conse¬ 
quently  the  amount  of  local  differentiation  within  the  whole  population. 

The  deer-mouse  (Peromysctis  maniculatus)  has  been  more  thoroughly 
studied  in  respect  to  the  factors  that  might  affect  gene  exchange  in  natural 
populations  than  probably  any  other  terrestrial  vertebrate.  No  previous 
attempt  has  been  made  to  bring  together  the  information  from  many  inde¬ 
pendent  and  more  or  less  unrelated  studies  in  an  effort  to  determine  the 
principal  mechanisms  affecting  gene  exchange  in  this  species. 

THE  DEER-MOUSE  AS  MATERIAL  FOR  STUDYING  GENE  EXCHANGE 

The  deer-mouse  is  probably  the  best  rodent  in  North  America  in  which 
to  examine  the  factors  affecting  gene  exchange  and  to  attempt  to  analyze 
the  effects  of  these  factors  in  a  natural  population.  The  population  of  rodents 

1  Read  at  a  symposium  on  "Population  Genetics”  at  the  annual  meeting  of  the  Texas 
Academy  of  Science,  Austin,  Texas,  December  8,  1951. 
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currently  known  as  Feromyscus  manicnlatus  appears  to  be  a  comparatively 
old  species  as  rodent  species  go.  It  is  probably  the  most  widely  distributed 
native  small  mammal  in  North  America,  It  occurs  in  a  wide  diversity  of 
environments,  and  it  has  undergone  a  great  deal  of  geographic  differentiation. 
The  degree  of  geographic  differentiation  in  this  widely  distributed  species  is 
indicated  by  the  fact  that  some  28  continental,  geographic  races  and  some 
3  6  insular  races  are  currently  recognized  by  taxonomists.  Four  other  species 
have  apparently  split  off  from  the  maniciilatus  population,  and  several 
aspects  of  the  relationships  between  one  of  these  species  and  the  parental 
manlculatus  population  have  been  investigated  by  several  workers. 

The  present,  complex  distributional  pattern  of  the  manlculatus  popu¬ 
lation  and  its  putative  offspring  species  populations  apparently  traces  to 
Pleistocene  distribution  patterns  and  to  major  post-Pleistocene  shifts  in  the 
distribution  of  segments  of  these  populations.  Long-tailed,  forest-inhabiting 
manlculatus,  which  today  occupy  a  roughly  U-shaped  distribution  from 
the  Rocky  Mountains  and  coast  forests  of  the  west,  eastward  across  northern 
Canada,  and  southward  in  the  Alleghenies,  possibly  ranged  across  the  plains 
of  central  North  America  as  late  as  the  Wisconsin  glacial  stage.  With 
increasing  post-Pleistocene  aridity  in  the  plains,  forcing  withdrawal  north¬ 
ward  of  the  forests,  the  present  distribution  of  the  long-tailed  forms  could 
have  been  achieved.  The  short-tailed  manlctilatus  presently  occupying  the 
central  grasslands  could  have  evolved  In  situ,  but  is  seems  more  likely  that 
they  spread  into  this  area  from  a  Pleistocene  refuge  in  Mexico  or  the  south¬ 
western  United  States.  The  effects  of  this  past  distributional  history  have, 
as  we  will  see,  an  important  bearing  on  gene  exchange  in  the  manlculatus 
population.  In  addition,  the  population  known  as  Feromyscus  pollonotus 
possibly  was  exchanging  genes  with  the  grasslands  population  of  manlculatus 
as  late  as  the  Pleistocene  (Blair,  19  5  0), 

FACTORS  AFFECTING  GENE  EXCHANGE  IN  THE  FeVOmySCUS 

Manlculatus  population 

POPULATION  DYNAMICS — Individuals  of  this  species  establish  a  home 
range  at  about  the  onset  of  sexual  maturity,  and  they  tend  to  remain  in  this 
area  of  familiar  terrain  through  the  remainder  of  their  life.  Blair  (1943a) 
reported  an  average  home  range  of  4.66  ±  .3  3  acres  for  males  and  4.10 
±  .39  acres  for  females  in  open  mesquite  in  the  Tularosa  Basin,  New 
Mexico.  Howard  (1949)  reported  that  home  ranges  covered  five  to  six  acres 
in  bluegrass  fields  in  southern  Michigan.  In  forest  environments,  these  mice 
apparently  range  less  widely  than  in  grasslands.  Blair  (1942)  reported  an 
average  range  of  2.31  db  .27  acres  for  males  and  1.39  ±  .16  acres  for 
females  in  beech-maple  forest  in  northern  Michigan.  Murie  and  Murie  (1931) 
reported  that  the  diameter  of  the  home  range  was  about  100  yards  in 
Wyoming  forests.  Even  smaller  estimates  of  only  .24  acre  for  males  and  ,21 
acres  for  females  were  given  by  Storer,  Evans,  and  Palmer  (1944)  for  this 
species  in  California  forests,  but  their  estimates  are  open  to  question  because 
of  technique.  The  available  evidence  indicates  that  the  reproductive  phase 
of  the  life  history  is  usually  spent  within  an  area  of  probably  four  to  six 
acres  in  the  case  of  grassland-inhabiting  manlculatus  and  in  perhaps  one-half 
this  area  in  the  case  of  forest-inhabiting  populations.  The  fact  that  breeding 
pairs  are  formed  (Howard,  1949)  minimizes  the  chance  of  gene  dispersal 
through  mating  of  individuals  in  adjacent,  overlapping  home  ranges.  In 
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Peromysctis  polionoftts,  which  also  forms  more  or  less  permanent  pairs,  the 
home  range  of  one  mouse  of  a  pair  is  largely  superimposed  on  that  of  the 
other  (Blair,  1951). 

Gene  distribution  in  the  population  is  effected  chiefly  through  the  dis¬ 
persal  of  young  individuals  as  they  aproach  sexual  maturity.  Howard  (1949) 
believes  that  the  dispersal  movement  is  stimulated  by  hormonal  activity 
associated  with  the  onset  of  sexual  maturity.  Blair  (1940a,  1951)  believes 
that  population  pressures  may  affect  the  distance  of  dispersal,  Le,,  a  dis¬ 
persing  individual  may  travel  until  it  reaches  a  suitable  enviror.ment  in 
which  competition  is  low,  perhaps  through  the  recent  loss  of  one  or  more 
established  residents. 

The  information  about  dispersal  is  far  from  adequate,  but  seme  facts 
are  available.  Maximum  dispersal  distances  recorded  for  this  species  in  blue- 
grass  fields  are  3960  feet  (Blair,  1940a)  and  3300  feet  (Howard,  1949). 
Average  distances  of  dispersal  of  13  34  feet  for  males  and  45  3  feet  for  females 
in  this  habitat  were  reported  by  Blair  (1940a).  Howard  (1949)  found  that 
only  3 1  per  cent  of  young  males  and  1 5  per  cent  of  young  females  dis¬ 
persed  more  than  500  feet  before  establishing  home  ranges  and  reproducing. 
The  maximum  distance  of  dispersal  reported  from  open  mesquite  desert  is 
2300  feet  (Blair,  1943a).  This  evidence  suggests  a  fairly  low  rate  of  dis¬ 
persal  in  Peromyscus  maniculatus.  Taking  Blair’s  (1940a)  estimate  of  average 
dispersal  distance  and  Howard’s  (1949)  estimate  that  as  many  as  four  gen¬ 
erations  may  be  produced  per  year,  we  can  estimate  crudely  the  maximum 
distance  a  mutation  might  be  dispersed  in  a  year.  In  the  simplest  case  (linear 
distribution  and  linear  dispersal),  and  averaging  the  rather  different  dis¬ 
persal  distances  for  the  two  sexes,  a  mutation  could  theoretically  disperse  at 
an  average  rate  of  about  two-thirds  of  a  mile  per  year.  This  is  an  idealized 
case,  of  course,  which  would  be  rarely  approximated  in  nature,  for  it  does 
not  consider  such  important  factors  as  ecological  barriers  and  the  selective 
elimination  of  disadaptive  types.  Consideration  of  these  factors  involves  an 
analysis  of  the  patterns  of  distribution  of  the  species  population. 

PATTERN  OF  DISTRIBUTION — The  geographic  range  of  Peromyscus 
maniculatus  in  the  United  States  may  be  divided  into  several  major  regions 
on  the  basis  of  ecologic  preference  and  local  pattern  of  distribution.  This 
species  ranges  far  northward  in  the  Canadian  forests  and  southward  into 
Mexico,  but  these  regions  have  been  mostly  omitted  from  the  present  dis¬ 
cussion  because  of  the  paucity  of  work  outside  of  the  United  States.  Present 
information  bearing  on  the  pattern  of  distribution  and  its  effects  on  geo¬ 
graphic  differentiation  in  the  major  regions  is  summarized  below. 

Northeastern  Forests.  The  forest-inhabiting  deer-mice  of  eastern  Canada 
extend  southward  in  a  peninsular-type  distribution  along  the  Appalachian 
chain  of  mountains  (Fig.  1).  These  are  long-tailed,  dark-colored,  semi- 
arboreal  mice  that  appear  to  be  restricted  to  forest  habitats.  In  eastern 
Tennessee,  Kellogg  (1939)  reported  them  from  forest  habitats  between  2700 
feet  in  hemlock  forest  and  5700  feet  elevation  in  birch  and  spruce,  although 
the  mice  were  recorded  from  both  coniferous  and  deciduous  forests  in  the 
mountains.  In  Pennsylvania,  Rhoads  (1903)  listed  this  species  as  "confined 
to  the  denser  hemlock,  tamarack  and  white  pine  forests”  and  "balsam  forest 
belts  of  the  higher  southern  Alleghenies.”  In  New  York,  Harper  (1929) 
stated  that  the  deer-mouse  was  the  most  abundant  mammal  of  the  Adiron- 
dacks,  where  it  ranged  through  virgin  forests  and  second-growth  thickets 
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up  to  above  timberline.  In  southwestern  Virginia,  Hooper  and  Cady  (1941) 
reported  deer-mice  from  heavy  stands  of  mature  hardwood  and  mixed  pines 
at  an  elevation  of  3  600  feet.  The  peninsular  population  of  the  eastern  moun¬ 
tains  apparently  shows  what  Wright  (1943)  calls  areal  continuity  of  dis¬ 
tribution,  but  it  seems  probable  that  there  is  semi-isolation  of  sub-populations 
on  isolated  mountains.  The  information  is  not  available  to  show  how  much 
restriction  on  gene  flow  is  imposed  by  the  avoidance  of  some  habitat  types 
in  the  area  of  more  or  less  continuous  distribution.  There  is  more  information 
for  northern  Michigan,  Dice  and  Sherman  (1922)  found  deer-mice  to  be 
most  abundant  in  dry  hardwood  forest  and  recorded  them  from  10  other 
habitats.  They  did  not  report  the  species  from  10  other  habitats  and  10 
additional  minor,  shore  habitats  investigated  in  Gogebic  and  Ontonagon 
counties.  In  Charlevoix  County,  Michigan,  Dice  (1925)  reported  forest-type 
deer-mice  as  most  common  in  hardwood  forest  and  present  in  three  other 
vegetation  types.  He  did  not  report  them  from  20  other  habitat  types 

studied.  He  listed  the  short-tailed  grassland  race  from  sand  and  gravel 
beaches  and  from  dune  sands.  Manville  (1949)  studied  population  densities 
in  eight  forest  types  in  Marquette  County,  Michigan,  and  reported  the  occur¬ 
rence  of  deer-mice  in  all  forest  types  studied,  although  they  were  rare  in 
jack-pine  and  black  spruce.  The  evidence  from  Michigan  points  to  a  mosaic 
distribution,  with  the  exchange  of  individuals  between  populations  in  suitable 
forest  types  more  or  less  restricted  by  the  interspersion  of  unfavorable  habi¬ 
tats.  Selection  would  presumably  be  for  a  type  adapted  to  forest  life. 

The  most  interesting  point  about  the  eastern,  forest  deer-mice  is  that 
there  appears  to  be  no  interbreeding  with  the  short-tailed,  grassland- 

inhabiting  deer-mice  to  the  west  of  them. 

Cleared  Deciduous  Forest.  The  short-tailed,  grassland-inhabiting  popu¬ 
lation  of  maniculatus  has  apparently  spread  eastward  and  northward  with 
the  clearing  of  the  forests  in  historic  times  so  that  it  now  approaches  or 
overlaps  the  range  of  the  eastern  and  northeastern  forest  populations.  The 

story  of  this  eastward  and  northward  movement  is  fairly  well  documented. 

Osgood  (1909)  recorded  the  short-tailed  bairdii  from  as  far  east  as  London, 
Ohio,  from  Sand  Point  on  Lake  Huron  in  Michigan,  and  from  extreme 
southwestern  Ontario.  Enders  (  1930)  reported  this  form  as  far  east  as 
Wayne  County,  Ohio,  where  specimens  were  taken  in  a  young  orchard,  along 
roads  and  in  weeds.  Mitchell  (1934)  reported  breeding  adults  from  within 
the  city  of  Meadville  in  northwestern  Pennsylvania.  Moulthrop  (  1938) 


FIG.  1.  Geographic  clistribudon  of  Peromyscus  maniculatus  and  Peromyscus 
polionotus  in  the  United  States,  showing  variation  in  pelage  color,  body  length,  and 
tail  length  as  indicated  by  work  of  L.  R.  Dice  and  his  associates. 

Subdivisions  of  range  of  P.  maniculatus  on  basis  of  pattern  of  distribution: 
(A)  northeastern  forests,  (B)  cleared  deciduous  forest,  (C)  central  prairies  and 
plains,  (C’)  Nebraska  sand  hills,  (C’)  Black  Hills,  (D)  Rocky  Mountains,  (E) 
Columbia  Basin,  (F)  Pacific  Coast  forest,  (G)  basin  and  range. 

Each  symbol  represents  a  sample.  Shading  of  circle  indicates  mean  value  for 
reflected  red  as  measured  with  Ives  tint  photometer.  Tint  photometer  reading  in¬ 
creases  with  increase  in  paleness  of  pelage  color.  Solid  circle,  reading  of  3. 1-7.0; 
cross-hatched,  7.1-11.0;  parallel-ruled,  11.1-15.0;  open  circle,  15.1-22.3.  Unshaded 
circles  of  broken  lines  represent  samples  from,  author’s  data  for  which  no  tint  photo¬ 
meter  readings  are  available.  The  arm  to  the  reader’s  left  shows  body  length  scaled 
from  52.5  mm.  as  zero;  the  right  arm  shows  tail  length  similarly  scaled. 
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reported  this  form  from  open  fields  in  Genesee  County,  New  York.  Hamil¬ 
ton  (1950)  reported  this  form  from  fields  in  the  vicinity  of  Ithaca,  New 
York,  where  it  now  reaches  the  range  of  the  forest-inhabiting  populations. 
Kellogg  (1939)  reported  the  prairie  form  from  northern  Tennessee,  where 
specimens  were  taken,  "alongside  logs  in  a  drained  cypress  swamp.”  There 
also  appears  to  have  been  a  northward  spread  of  the  prairie  form  in  Michigan 
following  cutting  of  the  forests  in  historic  times.  Dice  (1920)  reported 
prairie  deer-mice  from  cleared  uplands  and  from  wheat  fields  in  southwestern 
Michigan,  but  he  did  not  record  this  species  from  eight  other  habitats  in 
the  same  area.  Dice  (  1925  )  reported  the  prairie  form  from  beaches  and 
dune  sands  in  Charlevoix  County,  where  the  range  of  this  form  now  reaches 
the  range  of  the  forest  population.  Dice  (1932)  stated  that  the  prairie  deer- 
mouse  exists  in  large  numbers  on  the  wide  sandy  beaches  of  the  Great  Lakes 
in  Michigan.  In  southern  Michigan,  the  prairie  deer-mouse  occurs  most 
commonly  in  cleared  land  that  has  grown  up  in  bluegrass  and  other  herbs. 
Near  Detroit,  Leraas  (  193  8a)  found  this  form  most  common  in  meadows 
of  bluegrass,  timothy  and  quackgrass  and  recorded  it  from  five  other  habi¬ 
tats  on  cleared  or  open  ground.  He  did  not  find  it  in  forests.  The  northward 
extension  of  the  prairie  deer-mouse  in  Michigan  has  been  discussed  by  Hooper 
(1942)  who  also  reported  that  this  form  has  moved  northward  along  the 
west  side  of  Lake  Michigan  to  Menominee  County,  Michigan,  where  it  now 
has  reached  the  range  of  the  forest  population.  Hooper  has  found  no  evidence 
of  interbreeding  of  the  grassland  and  forest  populations  of  maniculattis  in 
Michigan,  a  fact  which  he  attributes  to  ecological  isolation  of  the  two.  In 
this  respect,  Blair  (1940a)  found  that  the  prairie  deer-mice  of  bluegrass 
fields  were  generally  absent  from  a  strip  about  50  to  100  feet  wide  bordering 
adjacent  oak-hickory  woods.  Another  species,  Peromysctis  leucopns,  occupied 
the  forest  and  ranged  out  into  and  beyond  this  strip  into  the  grasslands, 
and  the  prairie  mice  may  have  been  kept  out  of  the  woodland  border  by 
competition  from  the  leucopns.  If  not,  the  avoidance  of  the  forest  border 
by  the  prairie  deer-mice  might  account  in  part  for  the  effectiveness  of  the 
ecological  isolation  of  the  prairie  and  forest  forms.  It  should  be  kept  in  mind 
that  the  several  contacts  between  the  prairie  and  forest  forms  in  Michigan 
and  New  York  are  apparently  of  rather  recent  origin,  and  there  is  no  cer¬ 
tainty  that  these  populations  will  not  interbreed  as  the  prairie  form  spreads 
into  the  range  of  the  forest  form.  There  is  no  evidence  at  present,  however, 
that  these  populations  are  exchanging  genes. 

The  distribution  of  the  prairie  deer-mouse  in  the  regions  that  it  has 
invaded  in  recent  years  is  a  very  mosaic  one,  because  forests  are  ecological 
barriers  for  this  form.  Farm  woodlots,  forests  left  standing  on  rough  ground 
and  second-growth  thickets  tend  to  partially  isolate  the  deer-mouse  popula¬ 
tions  of  fallow  or  cultivated  fields.  Within  the  limitations  of  this  distribution 
pattern,  the  populations  of  this  newly  invaded  area  apparently  interbreed 
with  their  parent  populations  to  the  west  but  do  not  interbreed  with  the 
forest  populations  to  the  north  and  east  and  probably  have  not  done  so  since 
the  Pleistocene. 

Central  Prairies  and  Plains.  The  short-tailed,  grassland-inhabiting  deer- 
mice  of  central  North  America  are  probably  more  evenly  and  continuously 
distributed  than  those  in  any  other  major  part  of  the  species  range.  This 
population,  adapted  as  it  is  to  life  in  grasslands,  finds  agricultural  lands  no 
barrier,  and  it  may  even  reach  greater  population  densities  in  cultivated  or 
disturbed  areas  than  in  native  grassland.  Numerous  observations  indicate 
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the  preference  for  grasslands  or  farmlands  and  the  avoidance  of  forests  by 
this  form.  In  Iowa,  Stoner  (1918)  reported  the  prairie  deer-mouse  from 
dry  cultivated  fields  and  prairies  and  stated  that  it  does  occur  to  some  extent 
in  small,  sparsely  wooded  areas.  In  southwestern  Missouri,  Jackson  (1907) 
wrote  that  this  form  favors  open  brushland,  but  stated  that  he  took  one  in 
heavy  timber  high  up  on  a  hill.  In  Kansas,  Dice  (1923a)  took  this  mouse  in 
prairie,  rocky  ground,  and  sumac  scrub,  and  he  recorded  two  from  oak 
forest  in  winter.  In  northeastern  Oklahoma,  Blair  (  1938)  recorded  it  from 
tallgrass  prairie,  grama-beardgrass  prairie  and  from  habitats  in  which  sumac 
or  scrubby  plums  were  mixed  with  grasses,  but  he  failed  to  find  it  in  forest 
habitats.  On  the  Salt  Plains  of  northwestern  Oklahoma,  Jackson  and  Warfel 
(  1933  )  reported  this  mouse  from  almost  any  habitat  of  the  region,  including 
rocky  ledges,  barren  tops  of  hills  and  islands  bordering  the  plain.  In  south¬ 
western  Oklahoma,  I  took  it  in  grasslands  bordering  the  Red  River,  and  in 
the  Texas  Panhandle  I  took  it  on  sand  dunes  with  tall  grasses  and  sand  sage 
and  on  the  grassy  floodplain  of  a  tributary  of  the  Canadian  River.  In  south¬ 
eastern  Oklahoma,  McCarley  (  1950)  reported  this  mouse  as  common  in 
tail-grass  prairies  but  found  it  in  no  other  habitat.  This  form  extends  south¬ 
ward  in  a  peninsular  distribution  in  the  tail-grass  prairies  of  eastern  Texas, 
but  it  becomes  local  and  spotty  in  distribution  as  it  approaches  the  southern 
limits  of  its  range.  On  the  coastal  plain  east  of  Austin,  this  mouse  is  largely 
limited  to  local  populations  on  "blackland”  clays  with  native  vegetation  or 
in  cultivated  crops.  At  Alice,  Bailey  (  1905  )  reported  one  from  open  prairie, 
and  at  Washburn  in  the  Panhandle  he  reported  this  mouse  from  short-grass 
plains  and  from  prairie  at  the  edge  of  fields.  This  species  is  apparently  absent, 
or  very  rare,  on  the  Edwards  Plateau  and  on  the  plains  between  it  and  the 
Red  River  in  Texas.  In  South  Dakota,  Dice  (1942a)  reported  the  prairie 
form  from  areas  of  thin  vegetation  in  the  Badlands. 

The  deer-mouse  becomes  more  versatile  in  its  ecological  tolerance  in 
the  northwestern  parts  of  the  plains  than  it  is  in  the  eastern  prairies.  In 
North  Dakota,  Dice  (1940)  collected  this  form  in  natural  and  pastured 
prairies,  in  grassy  fields,  in  weedy  fields,  and  along  railroads  bordered  by 
grass  or  wheat.  In  eastern  North  Dakota,  Bailey  (1926)  reported  this  mouse 
from  tail-grass  prairies,  brushy,  weedy  bottoms  in  woods,  half-dried  tule 
marshes,  weed  rows,  and  grain  fields.  In  western  North  Dakota  he  (op.  cit.) 
reported  it  as  about  equally  abundant  in  prairies,  badlands  buttes,  marshes, 
and  wooded  bottoms.  In  southern  Manitoba,  Sanderson  (  1950)  found  deer- 
mice  common  in  fallow  fields  and  reported  a  few  from  the  edge  of  a  prairie 
grove  of  eighteen-year-old  trees.  In  Montana,  Dice  (1944a)  took  this  form 
in  open  fields  and  in  northeastern  Utah  he  took  it  in  a  short,  steep  canyon 
where  grass  and  sagebrush  alternated  with  juniper  and  other  trees. 

Although  there  appears  to  be  less  restriction  on  the  exchange  of  indi¬ 
viduals  within  the  prairies  and  plains  than  in  other  regions,  some  barriers 
to  dispersal  do  exist.  Floodplain  forests  that  extend  far  out  into  the  plains 
along  the  streams  are  at  least  partial  barriers,  of  unknown  effectiveness, 
between  the  populations  of  adjacent  uplands.  In  the  more  arid  parts  of  the 
plains,  the  local  distribution  seems  to  be  correlated  with  soil  type,  and 
populations  on  sandy,  friable  soils  may  be  partially  isolated  by  intervening, 
non-friable  soils. 

Morphologic  evidence  that  the  central-grasslands  population  inter¬ 
breeds  with  the  manicnlatus  population  of  the  Rocky  Mountains  along  the 
eastern  front  of  the  Rockies  in  Colorado  and  northern  New  Mexico  and  in 
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southwestern  Canada  has  been  presented  by  Osgood  (1909).  There  is  similar 
evidence  of  interbreeding  between  the  plains  and  the  basin-and-range  popu¬ 
lations  in  northeastern  Utah  (Osgood,  op.  cit.).  In  Glacier  Park,  Montana, 
the  grassland  and  forest  populations  meet  but  apparently  fail  to  exchange 
genes  because  of  their  different  ecologic  preferences  (Murie,  1933  ). 

The  prairie  and  plains  mice  tend  to  be  small,  short-tailed  and  dark- 
colored,  but  there  is  an  increase  in  length  of  the  tail  and  in  paleness  of  the 
pelage  color  toward  the  west.  The  apparently  greater  uniformity  in  mor¬ 
phologic  characters  in  the  eastern  part  of  the  grasslands  than  in  the  west 
may  possibly  be  due  in  part  to  the  greater  continuity  of  distribution  and 
in  part  to  the  greater  uniformity  of  the  environments  occupied.  In  the 
eastern  grasslands,  the  deer-mice  are  almost  entirely  restricted  to  fairly  level 
grasslands,  with  either  native  or  introduced  grasses  and  herbs,  and  the  soils 
in  this  region  of  comparatively  high  rainfall  are  predominantly  dark  in 
color.  Parallel  selection  in  comparatively  similar  environments  might  ac¬ 
count,  in  large  part,  for  the  similarity  of  the  eastern  grasslands  deer-mice. 

Two  regions  in  the  western  part  of  the  grasslands  have  deer-mouse 
populations  that  depart  strikingly  from  the  general  characters  of  the  grass¬ 
lands  populations.  One  of  these  is  the  Nebraska  sand  hills,  and  the  other 

is  the  Black  Hills.  On  the  pale  sands  of  the  Nebraska  sand  hills.  Dice 

(1941)  found  the  deer-mice  to  be  predominantly  paler  in  color  than  the 
mice  on  the  darker  soils  completely  surrounding  this  area  of  pale-colored 
soil.  Many  of  the  sand-hills  mice  are  a  rich,  clear  yellow-orange  in  color, 
and  Clark  (  1938)  has  shown  that  this  color  is  dominant  over  the  darker, 
duller  color  of  prairie  deer-mice  to  the  east  of  the  sand  hills.  Dice  (1941) 

noted  that  even  in  the  interior  of  the  sand  hills  the  population  was  quite 

variable,  with  both  color  types  represented.  Blair  (1947a)  examined  166 
held-caught  mice  from  the  sand  hills  and  recorded  124  of  them  as  of  the 
dominant  color  and  42  as  of  the  recessive.  Dice  (1941)  attributed  the  vari¬ 
ability  of  the  sand-hills  mice  to  interbreeding  with  the  darker-colored  popu¬ 
lations  which  surround  the  sand  hills  on  every  side,  and  he  also  concluded 
that  intergrading  populations  surround  the  sand  hills  for  ten  or  more  miles 
on  every  side.  The  existence  of  the  predominantly  pale-colored,  but  variable, 
population  on  the  sand  hills  is  taken  to  indicate  an  intensity  of  selection 
there  sufficient  to  retard  but  not  prevent  the  infiltration  of  genes  for  dark 
pelage  color  from  the  populations  on  the  surrounding,  dark-colored  prairie 
soils.  Dice  {op.  cif.)  reported  a  similar,  pale-colored  population  on  a  smaller, 
isolated  sand  area  south  of  the  Platte  River. 

In  the  Black  Hills  of  western  South  Dakota,  Dice  (1939a)  found 
deer-mice  most  abundant  in  forests  and  scarce  in  grasslands  to  the  east  and 
south  of  these  hills.  He  found  the  greatest  abundance  of  mice  in  dense  and 
medium-dense  stands  of  western  yellow  pine  and  also  recorded  this  species 
from  mixed  aspen  and  yellow  pine,  sparse  yellow  pine  and  young  stands  of 
yellow  pine.  The  deer-mice  in  the  heavily  forested  upper  part  of  the  Black 
Hills,  where  the  soils  are  consequently  dark,  have  pelage  darker  than  the 
regional  average  (see  Dice,  1942a). 

Rocky  Mountains.  The  deer-mouse  is  principally  a  forest  inhabitant 
in  the  Rocky  Mountains,  where  the  tail  tends  to  be  moderately  long  and  the 
color  moderately  dark.  In  Colorado,  Cary  (1911)  reported  the  deer-mouse 
to  be  almost  omnipresent  in  the  mountains,  where  it  lives  indiscriminately 
in  heavy  forests,  in  mountain  bogs  and  among  sagebrush  in  mountain  parks. 
In  the  same  state.  Dice  (  193  3a)  collected  deer-mice  in  rocky  talus  of  the 
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pinon-cedar  belt  and  in  brushy  thickets.  In  northeastern  New  Mexico,  Hill 
(1942)  found  deer-mice  common  in  mixed  yellow  pine  and  scrub  oak.  At 
Flathead  Lake,  in  Montana,  Dice  (  1923b)  found  deer-mice  most  common 
in  larch-Douglas  fir  and  spruce-fir  habitats,  but  also  recorded  it  from  four 
other  forest  types  and  from  bunch-grass,  mountain  meadow  and  beach 
habitats.  In  the  same  state  and  in  Idaho,  Dice  (1944a)  collected  deer-mice 
in  heavy  cedar  forest,  at  95  00  feet  elevation  near  timberline,  in  a  wide 
valley  with  mostly  grass,  and  on  the  cinder  slopes  of  a  volcanic  cone. 

Columbia  Basin  and  Edge  of  Pacific  Coast  Forest.  In  the  Columbia 
Basin  of  Washington  and  Oregon,  the  deer-mouse  occupies  a  wide  variety 
of  environments,  apparently  because  this  is  a  place  where  grassland  and 
forest  populations  meet,  interdigitate,  and  apparently  interbreed.  In  south¬ 
eastern  Washington,  Dice  (1914)  recorded  this  species  from  14  habitats, 
ranging  from  bunch-grass  hills  to  alpine-fir  and  Douglas-spruce  forests, 
and  reported  that  it  was  taken  in  every  land  habitat  studied  in  the  Blue 
Mountains.  Dice  (1939b)  collected  stocks  in  nine  habitats,  ranging  from 
open  bunch  grass,  buckbrush,  or  second-growth  brush  to  willows,  lowland 
fir,  or  yellow  pine.  Fox  (1948)  found  similar  evidence  of  wide  ecologic 
tolerance  in  the  Columbia  Basin,  for  he  collected  deer-mice  in  grass  and 
sagebrush,  oat  and  alfalfa  fields,  sagebrush,  and  spruce,  fir,  larch,  lodgepole 
pine-fir,  spruce  and  hemlock  forests. 

This  is  an  area  of  great  local  variability  in  dimensions  and  in  pelage 
color,  both  apparently  correlated  with  environmental  variations.  Dice 
(  1939b)  has  pointed  out  the  tendency  for  the  palest  deer-mice  to  occur 
in  the  sagebrush  climatic  belt  and  in  the  more  arid  parts  of  the  bunch-grass 
belt,  while  the  darkest  mice  occur  in  less  arid  parts  of  the  bunch-grass  belt 
and  in  the  relatively  humid  montane  climatic  belt,  where  surface  soils  tend 
to  be  dark  in  color.  He  believes  that  the  Snake  River  has  long  existed  as  a 
barrier  to  the  movement  of  deer-mice  and  attributes  similar  pelage  colors  of 
mice  living  in  corresponding  life  belts  on  opposite  sides  of  the  river  to 
parallel  evolution.  Dice  (1949)  regards  the  Columbia  River  as  an  important 
physical  barrier  to  the  movements  of  deer-mice  and  believes  that  the  charac¬ 
ters  of  the  habitat  are  more  important  in  controlling  the  characters  of  the 
mice  than  are  the  physical  barriers  to  their  distribution.  Fox  (1948),  work¬ 
ing  in  the  same  region,  found  that  dark-colored,  long-tailed,  long-eared 
forms  were  almost  always  found  in  thick  forest  areas,  while  light-colored, 
short-tailed,  short-eared  forms  were  found  in  open  bunch  grass  or  sagebrush. 
He  believed  that  exceptions  to  this  generalization  might  be  explained  on 
the  basis  of  gene  flow  in  excess  of  selection  pressure. 

This  appears  to  be  a  region  of  great  genetic  variability,  which  persists 
because  the  deer-mouse  occupies  widely  diversified  environments  and  is  being 
selected  for  adaptive  genotypes  in  each  different  habitat.  Selection  would 
appear  to  be  probably  the  major  factor  affecting  gene  distribution  in  this 
area.  The  populations  of  this  region  apparently  interchange  genes  with  the 
populations  that  surround  them  on  all  sides,  although  there  is  some  indica¬ 
tion  that  there  may  be  restricted  exchange  with  the  very-long-tailed  popula¬ 
tions  of  the  dense  coast  forests.  Osgood  (1909)  reported  that  the  form 
typical  of  the  coast  forests  occurred  in  some  places  with  the  form  typical 
of  the  inland  forests  without  either  form  losing  its  respective  characters, 
but  in  other  places  he  found  extremes  of  both  forms  along  with  intermedi¬ 
ates,  and  in  others  he  found  intermediates  only.  Fox  (1948)  believes  that 
these  forms  interbreed,  but  not  freely,  for  he  found  the  parent  types  more 
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common  than  intermediates  in  the  region  of  apparent  interbreeding.  Dice 
(1949)  took  both  forms  together  in  the  same  local  habitats  and  where 
there  seemed  to  be  no  ecological  barrier  between  them.  McCabe  and  Cowan 
(  1945)  reported  the  two  forms  from  the  same  region  in  southwestern 
British  Columbia. 

Pacific  Coast  Forests.  The  deer-mouse  is  a  forest  inhabitant  in  the  dense 
forests  of  the  Pacific  coast  in  British  Columbia,  Washington,  Oregon,  and 
northern  California.  In  coastal  Oregon,  Bailey  (1936)  reported  that  the 
deer-mouse  is  mainly  an  inhabitant  of  dense  forest  or  chaparral.  In  the 
Columbia  Valley  of  western  Oregon  and  Washington,  Fox  (1948)  recorded 
this  species  from  eleven  forest  and  second-growth-forest  habitats,  from 
brushy  or  lightly  wooded  pasture  and  from  fields  of  heavy  grass,  sedge  and 
skunk  cabbage.  Dice  (1949)  collected  deer-mice  in  the  Puget  Sound  region 
of  Washington  in  coastal  forest,  in  second-growth  Douglas  fir  and  in  a 
burned  area.  The  question  of  gene  exchange  between  these  long-tailed  mice 
and  the  shorter-tailed  mice  to  the  east  has  already  been  discussed. 

Basin  and  Range  Region.  Over  a  vast  area  in  the  West,  corresponding 
roughly  to  the  Basin  and  Range  physiographic  province,  the  deer-mouse 
occupies  grassland  or  brush  habitats  in  the  desert  basins  and  forest  habitats 
on  the  mountain  slopes.  In  southern  Nevada,  Burt  (1934)  reported  that 
the  deer-mouse  was  taken  in  almost  every  type  of  habitat  available  from 
the  low  desert  to  above  timberline,  but  that  it  was  most  numerous  above 
6  500  feet  where  Mohave  yucca  ceases  and  junipers  and  pifions  begin.  In 
northeastern  Utah,  Leraas  (  1938b)  collected  this  species  in  sagebrush  at 
6000  feet,  in  a  canyon  forest  of  juniper,  pine,  fir,  poplar,  willow  and  birch 
at  the  same  elevation,  and  in  an  open  yellow-pine  forest  with  a  sparse  under¬ 
growth  of  sagebrush  at  8000  feet.  In  eastern  Utah,  Kelson  (1951)  reported 
that  deer-mice  are  found  in  almost  all  types  of  environments  except  aquatic 
ones  from  about  3  5  00  to  12,000  feet  in  elevation.  In  southwestern  Utah, 
Hardy  (1945)  recorded  this  species  from  Tamarix  and  arrowweed  habitats, 
but  did  not  record  it  from  eight  other  desert  habitats  investigated.  In 
Oregon,  Bailey  (1936)  reported  that  the  deer-mouse  occurs  in  meadows, 
grasslands,  sagebrush,  chaparral,  in  open  coniferous  and  deciduous  forests, 
and  on  rocks,  cliffs  and  earth  banks.  In  northwestern  Colorado,  Cary 
(1911)  reported  that  this  species  was  very  common  on  sagebrush  plains 
and  reported  it  also  from  cottonwoods  and  from  rocky  and  pinon  country. 
In  the  San  Francisco  Bay  area  of  California,  Hooper  (1944)  reported  that 
deer-mice  occurred  on  ledges  of  rock,  in  grass,  chaparral  or  forest  but 
avoided  wet  areas  or  areas  subject  to  frequent  inundation.  McCabe  and 
Blanchard  (1950),  working  in  the  same  area,  reported  that  deer-mice  had 
a  linear  distribution  along  the  "edge”  of  the  chaparral.  In  the  Sierra  Nevada 
of  California,  Storer,  Evans,  and  Palmer  (1944)  found  deer-mice  in  cut¬ 
over  forest  at  4500  feet  and  in  pine,  cedar,  white  fir,  juniper,  black-oak 
forest  at  622  5  feet.  In  the  Grapevine  Mountains  east  of  Death  Valley,  Miller 
(1946)  recorded  deer-mice  from  pinon  forest.  In  the  Colorado  River  Valley 
of  California  and  Arizona,  Grinnell  (1914)  found  deer-mice  restricted  to 
the  bottomlands  of  the  river  and  failed  to  take  them  on  the  nearby  desert. 
In  the  Providence  Mountains  of  California,  Johnson,  Bryant,  and  Miller 
(1948)  found  deer-mice  absent  from  the  creosote  belt,  abundant  in  the 
yucca  and  sagebrush  belts,  rare  in  the  pinon  belt,  and  absent  in  the  fir  belt. 
Mearns  (1907),  working  along  the  Mexican  boundary,  reported  deer-mice 
in  great  numbers  in  pine,  aspen  and  Douglas  spruce  forests  of  mountains 
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in  Arizona.  He  reported  this  species  from  "aquatic”  vegetation  beside  the 
San  Bernardino  River,  from  meadows  and  bottoms  in  the  lower  portions  of 
the  Gila  and  Colorado  Rivers,  and  from  canes,  hemp,  and  coarse  grass  on  the 
vast  savannas  of  the  Colorado  River  about  the  head  of  the  Gulf  of  California. 
He  stated  that  no  mice  of  this  species  were  met  with  in  the  dry  region  lying 
between  the  Santa  Cruz  Valley  and  the  Gila  River  at  Adonde,  Arizona. 
In  Arizona,  Dice  (  1938)  collected  deer-mice  in  yellow  pine,  mixed  juniper 
and  yellow  pine,  open  oaks,  SeneciOy  oaks  and  scrubs  along  a  sandy  wash, 
mesquite,  cottonwood,  rabbit  brush,  on  lava  and  cinders,  and  in  cultivated 
fields.  Elevations  ranged  from  4040  to  8  500  feet.  Bailey  (1931)  reported 
that  in  the  mountains  in  New  Mexico  deer-mice  reach  their  greatest  abun¬ 
dance  in  open  yellow  pine  but  that  they  are  often  taken  in  dense  spruce 
and  fir,  while  in  the  basins  they  are  generally  found  in  mellow  spots  of  open 
valley  bottoms.  In  Valencia  County,  New  Mexico,  Hooper  (1941)  found 
deer-mice  in  fairly  open  forests  of  yellow  pine,  aspen,  and  oak  brush  on  the 
mountains  and  among  sage  on  sandy  desert  flats. 

In  the  Tularosa  Basin,  New  Mexico,  Dice  (  1930)  found  deer-mice  to 
be  abundant  in  mesquite,  and  he  recorded  the  species  from  creosote,  atriplex, 
alkali-flat,  and  sumac-yucca  habitats.  In  the  Sacramento  Mountains  to  the 
east  of  the  basin,  he  reported  deer-mice  most  abundant  in  Douglas  fir,  but 
recorded  them  also  from  spruce-fir,  yellow  pine,  oak-chaparral,  pinon-cedar, 
and  rocky  arroyo  habitats.  He  did  not  find  them  in  sotol-ocotillo  or  oak- 
poplar  habitats.  In  this  same  general  region.  Dice  (1944b)  collected  deer- 
mice  between  6200  and  8900  feet  elevations  in  short  grass,  oak  brush, 
pinon-juniper-yellow  pine,  yellow  pine,  Douglas  fir,  and  meadows  which 
he  thought  to  be  old  farm  clearings.  Dice  (193  0,  1942b)  has  pointed  out 
that  on  the  western  slopes  of  the  Sacramento  Mountains  deer-mice  are 
largely  absent  from  the  lower  slopes  of  the  mountains,  with  the  result  that 
there  is  little  or  no  interbreeding  between  the  populations  of  the  dense, 
montane  forests  and  the  populations  of  the  desert  basin.  In  the  Tularosa 
Basin,  Blair  (1943b)  found  that  the  comparatively  large  populations  of 
mesquite  areas  and  grassy  washes  were  isolated  from  one  another  by  ex¬ 
tensive  areas  of  creosote  bush  or  atriplex,  in  which  deer-mice  were  absent 
or  very  rare. 

In  Trans-Pecos  Texas,  the  deer-mouse  is  very  discontinuously  distri¬ 
buted.  The  yellow  pine  forests  of  the  higher  mountains,  such  as  the  Davis 
and  Chisos  ranges,  are  without  populations  of  deer-mice,  and  only  grassland 
populations  occur  in  this  area.  Bailey  (1905)  stated  that  deer-mice  in  this 
region  inhabit  smooth  spots  in  the  bottoms  of  open  valleys.  In  the  Davis 
Mountains  region,  Blair  (1940b)  found  populations  of  deer-mice  in  short- 
grass,  short-grass-yucca,  and  short-grass-mesquite  habitats  but  reported 
these  mice  absent  from  all  forest  belts  of  the  mountains.  In  the  Chisos  Moun¬ 
tains  region,  Borell  and  Bryant  (1942)  also  found  the  mice  absent  from 
mountains  and  encountered  them  only  on  the  plains  in  weeds  and  brush 
near  cultivated  fields,  in  cane  and  Baccharh  on  the  Rio  Grande,  in  tules  at 
the  edge  of  a  small  pond,  and  in  grass  and  weeds.  In  the  Sierra  Vieja  region, 
Blair  and  Miller  (1949)  found  deer-mice  only  in  a  black  brush-creosote 
bush  habitat  of  the  plains  life  belt.  They  were  unable  to  find  this  species  in 
seven  other  habitats  of  the  plains  belt  or  in  the  mountains. 

Gene  exchange  and  local  differentiation  in  the  Basin  and  Range  Pro¬ 
vince  are  principally  affected  by  differential  selection  in  montane  forests 
and  in  desert  habitats,  and  by  ecological  isolation  of  populations  in  this 
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region  in  which  many  habitats  are  beyond  the  ecological  tolerance  of  the 
species.  Populations  of  the  montane  forests  are  generally  darker  in  color  and 
tend  to  have  slightly  longer  tails  than  the  populations  of  the  desert  basins. 
Gene  exchange  between  these  montane-forest  populations  and  the  desert- 
basin  populations  may  be  locally  restricted  or  practically  non-existent  due 
to  ecologic  barriers  (see  Dice,  1930,  1942b)  or  there  may  be  in  other  areas 
continuous  distribution  from  the  desert  belt  to  above  timberline  (see  Burt, 
1934).  Populations  in  the  deserts  are  much  isolated  from  one  another,  be¬ 
cause  this  species  apparently  has  been  unable  to  occupy  the  more  arid 
habitats. 

A  recessive  mutation  to  gray  pelage  color  is  widely  distributed  in  the 
desert  populations.  Osgood  (1909)  first  called  attention  to  the  dichroma¬ 
tism  of  the  desert  populations.  Dice  (  193  3b)  showed  that  gray  pelage  acted 
as  a  mendelian  allele  of  bluff  pelage,  and  this  was  confirmed  by  Blair  (1947b) 
who  also  called  attention  to  the  presence  of  many  modifiers  of  both  buff 
and  gray.  Blair  (1947c)  has  shown  that  there  is  adaptive  differentiation  in 
the  frequency  of  these  color  genes  in  the  Tularosa  Basin  under  various  con¬ 
ditions  of  ecological  isolation  and  apparent  selection.  It  is  of  interest  here 
that  the  gray  mutant  apparently  occurs  rarely  in  other  populations  than 
those  of  the  deserts.  By  breeding  test  and  by  the  examination  of  nearly  2  500 
specimens  from  172  localities  in  the  range  of  the  species,  Blair  (1947a) 
found  what  appeared  to  be  recessive  grays  in  a  population  from  Troy,  Idaho, 
in  the  northern  Rockies,  from  a  forest  population  of  Isle  Royale  in  Lake 
Superior,  and  from  a  forest  population  in  the  Southern  Appalachians  in 
Virginia.  It  is  unknown,  of  course,  whether  the  gray  mutation  occurred 
independently  in  these  distant  populations  or  whether  it  was  dispersed  there 
from  the  western  desert  populations.  Blair  (op.  r/7.)  also  found  grays  in  the 
montane  populations  of  the  Sacramento  Mountains,  which  suggests  that 
there  may  be  more  interbreeding  between  the  desert  populations  of  the 
Tularosa  Basin  and  those  of  the  montane  forests  in  the  Sacramento  Moun¬ 
tains  than  was  thought  by  Dice  (1930). 

DISCUSSION 

The  evidence  as  to  details  of  gene  transfer  in  Peromysms  luaniculatiis 
is  far  from  complete,  but  it  is  sufficient  to  give  a  broad  picture  of  gene 
exchange,  and  its  controls,  in  this  widely  distributed  species.  The  general 
tendency  for  genetic  variations  to  be  spread  through  the  entire  population 
through  the  dispersal  of  young  individuals  before  they  reproduce  is  retarded 
by  ecological  barriers  and  by  selective  elimination  as  the  animals  disperse 
into  different  environments.  The  failure  of  populations  in  adjacent,  dissimilar 
environments  to  interbreed  may  have  a  complex  past  history  of  geographic 
separation  and  subsequent  spread  of  range. 

The  degree  of  exploitation  of  available  environments  has  a  direct  bear¬ 
ing  on  gene  transfer  and  on  the  number  of  adaptive  types  that  will  be 
selected  for.  The  exploitation  of  local  habitats  by  Peroinyscus  manicrdaHi$ 
varies  tremendously  from  place  to  place,  as  we  have  seen  from  the  evidence 
presented  earlier.  The  reasons  for  this  variation  may  possibly  be  traceable 
to  interspecific  competition  in  some  cases,  or  possibly  to  the  genetic  potential 
of  the  respective  populations  in  others.  In  a  population,  such  as  that  of  the 
prairie  deer-mice,  where  the  species  is  essentially  limited  to  a  widely  and 
rather  continuously  distributed  and  fairly  uniform  habitat,  selection  should 
be  acting  to  maintain  an  essentially  similar  genotype  throughout  the  range 
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of  the  population.  In  this  particular  case,  restrictions  on  gene  exchange 
within  the  population  are  imposed  principally  by  distance  and  by  such  eco¬ 
logical  barriers  as  rivers  and  flood-plain  forests. 

Even  where  there  is  comparatively  continuous  distribution,  a  change 
in  a  major  feature  of  the  environment  (as  in  soil  color  in  the  Nebraska  sand 
hills)  may  result  in  selection  for  a  very  different  genotype  than  the  regional 
average.  This  is  one  of  the  rare  cases  in  mammals  where  adaptation  is 
achieved  largely  through  the  action  of  a  single  gene  mutation  with  major 
effects  on  the  phenotype.  In  this  case,  selection  against  the  recessive,  dark 
pigmentation  of  the  deer-mice  that  surround  the  area  retards  but  does  not 
prevent  dispersal  into  this  area.  The  high  genetic  variability  in  color  of  the 
sand-hills  mice  (see  Dice,  1941)  presumably  is  an  indication  of  gene  influx 
from  the  surrounding,  dark-colored  populations.  The  dominant  color  gene 
of  the  sand-hills  mice,  which  produces  a  brightly  buff  phenotype,  is  ap¬ 
parently  selected  against  on  the  comparatively  dark,  surrounding  soils, 
which  hinders  its  spread  in  those  populations. 

Where  the  species  is  highly  euryceous,  occupying  most  available  habitats 
in  a  region  of  greatly  contrasting  environments  (as  in  the  Columbia  Basin 
and  border  of  the  Pacific  coast  forest)  great  genetic  variability  is  main¬ 
tained,  because  selection  is  favoring  various  locally  adaptive  types,  and 
because  the  numerous  locally  adapted  populations  are  presumably  inter¬ 
breeding  with  one  another.  In  such  a  case,  the  characters  of  any  given  popu¬ 
lation  are  evidently  the  result  of  selection  by  the  local  environment  and  of 
the  immigration  of,  and  interbreeding  with,  individuals  from  other  popu¬ 
lations  of  which  the  characters  are  being  influenced  by  selection  in  other, 
different  environments. 

In  the  Basin  and  Range  Province,  the  situation  regarding  pattern  of 
distribution  and  potential  gene  exchange  is  rather  different  from  that  in 
any  other  part  of  the  range  of  the  deer-mouse.  In  this  case,  there  are  num¬ 
erous  and  extensive  habitats  that  the  species  apparently  has  been  unable  to 
invade.  The  species  has  adapted,  however,  to  life  in  the  forests  of  the  higher 
mountains  and  to  life  in  the  least  arid  habitats  of  the  desert  basins.  Selec¬ 
tion  in  this  region,  then,  is  favoring  two  major  ecological  types  of  deer-mice. 
One  is  a  terrestrial,  comparatively  shorter-tailed,  paler-colored  desert  form. 
The  other  is  a  semi-arboreal,  comparatively  longer-tailed,  darker-colored 
forest  form.  Wide  expanses  of  unfavorable  environment  in  the  desert  may 
impose  severe  restrictions  on  gene  exchange  between  the  local,  desert  popu¬ 
lations.  Populations  in  the  forested  belts  of  isolated  mountains  or  mountain 
ranges  may  not  interbreed  with  the  populations  of  other  forests  on  other 
mountains,  but  they  may  interbreed  with  the  differently  adapted  populations 
of  adjacent  basins.  Kelson  (1951)  has  reported  intergradation  (indicating 
interbreeding)  between  montane  and  desert  populations  at  several  localities 
in  eastern  Utah.  In  local  instances,  there  may  be  little  or  no  gene  exchange 
between  the  forest  and  adjacent  desert  populations  (see  Dice,  1930,  1942b). 
This  is  a  pattern  of  distribution  under  which  selection  and  ecological  isola¬ 
tion  are  probably  the  major  determiners  of  the  characters  of  local  populations. 

Even  though  there  are  numerous  restrictions  on  gene  dispersal  through 
the  Peromyscns  maniculatus  populations,  the  aggregate  of  these  populations 
still  conforms  to  our  concept  of  a  species.  Although  some  geographically 
contiguous  populations  fail  to  interbreed  directly,  all  parts  of  the  range  of 
this  widely  distributed  mammal  are  connected,  often  circuitously,  by  inter- 
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breeding  populations,  A  mutation  that  occurred  in  any  part  of  the  range 
could  theoretically  be  dispersed  in  time  to  any  other  part  of  the  range. 

The  group  of  populations  known  as  Peromyscus  poUonotus  is  partially 
separated  from  the  manlculatm  populations  (Fig.  1.).  Geographical  isolation 
has  apparently  prevented  gene  exchange  between  these  two  groups  of  popu¬ 
lations  since  some  time  in  the  Pleistocene  (see  Blair,  1950).  In  this  case, 
the  elimination  of  gene  exchange  over  a  long  period  has  resulted  in  greater 
differentiation  than  that  known  between  any  of  the  sub-populations  of 
maniculatus.  Mating  preference  would  serve  to  prevent  gene  exchange  if 
the  maniculatus  and  polionotus  ever  became  sympatric  (Blair  and  Howard, 
1944).  Partial  hybrid  sterility  would  also  act  as  a  deterrent  on  gene  ex¬ 
change  (see  Watson,  1942;  author’s  unpublished  data).  There  has  been  both 
morphological  and  physiological  differentiation  of  these  geographically 
isolated  groups  of  populations.  Serological  differences  between  maniculatus 
and  polionotus  have  been  reported  by  Cotterman  (1944).  The  greatest  mor¬ 
phological  differentiation  involves  the  occurrence  in  polionotus  but  not  in 
maniculatus  of  an  important  complex  of  pattern  genes  (Summer,  1926; 
Blair,  1944). 

SUMMARY 

The  deer-mouse  {Peromyscus  maniculatus)  is  used  for  a  discussion  of 
gene  exchange  between  intraspecific  populations,  because  more  is  known 
of  its  population  dynamics  and  geographic  variation  than  is  known  for  any 
other  species  of  small  mammal.  The  home-range  habit  and  the  habit  of 
forming  permanent  mating  pairs  tend  to  restrict  gene  dispersal.  The  distance 
of  dispersal  of  maturing  young  mice  indicates  a  basic  dispersal  rate  under 
idealized  conditions  of  roughly  two-thirds  of  a  mile  per  year.  The  pattern 
of  distribution,  ecological  barriers,  adverse  selection,  and  the  effects  of  past 
discontinuities  in  distribution  all  may  affect  gene  exchange  between  local 
sub-populations.  The  patterns  of  distribution  in  seven  geographic  regions 
within  the  range  of  the  species  and  their  possible  effects  on  gene  exchange  are 
discussed.  A  wide  range  of  geographic  variation  in  habitat  preference  ap¬ 
parently  has  important  effects  on  gene  dispersal  in  the  whole  species  popula¬ 
tion.  Little  or  no  direct  gene  exchange  may  be  taking  place  between  adja¬ 
cent  sub-populations,  but  all  parts  of  the  range  are  connected,  often  cir¬ 
cuitously,  by  interbreeding  populations.  The  differentiation  of  Peromyscus 
polionotus,  which  apparently  has  not  interbred  with  any  maniculattis 
population  since  some  time  in  the  Pleistocene,  is  discussed. 
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THE  NICOTINIC  ACID  REQUIREMENT 
OF  DROSOPHILA  MELANOGASTER  AND  ITS  RELATIONSHIP 
TO  THE  BROWN  EYE  PIGMENT 

BERNARD  WORTMAN  and  ROBERT  P.  WAGNER 
Genetics  Laboratory  of  the  Department  of  Zoology 
The  University  of  Texas 

INTRODUCTION 

The  eye  color  of  wild  type  Drosophila  melanogaster  is  due  to  the 
presence  of  two  pigments,  red  and  brown.  The  exact  chemical  structures  of 
these  pigments  are  not  known,  although  the  brown  pigment  in  particular 
has  been  studied  extensively  both  with  regard  to  its  structure  and  its  bio¬ 
synthesis.  According  to  Goodwin  and  Srisukh  (  19  5  0)  and  Goodwin  (1950) 
the  brown  pigment  of  Drosophila  is  very  similar  if  not  identical  to  the 
reddish-brown  pigments  found  in  other  insects,  having  a  substituted  pyrrole 
and  haempyrrole  in  its  molecule.  The  biosynthesis  of  the  brown  pigment 
has  been  partly  elucidated  in  Drosophila  (Ephrussi  1942a,  1942b;  Kikkawa 
1941.),  and  it  is  clear  that  the  in  vivo  synthesis  starts  with  tryptophane  and 
proceeds  through  kynurenin  and  3 -hydroxykynurenin.  The  immediate  pre¬ 
cursors,  which  would  presumably  in  part  be  derivatives  of  3 -hydroxy¬ 
kynurenin,  are  unknown. 

This  biosynthesis  is  of  interest  in  connection  with  nicotinic  acid  which 
has  been  shown  to  have  a  similar  biochemical  origin  in  many  organisms  which 
are  able  to  dispense  with  preformed  nicotinic  acid  in  their  food.  The  rat 
(Mitchell,  Nyc,  and  Owen  1948),  the  mold  Netirospora  (Bonner  and 
Wasserman  1950;  Haskins  and  Mitchell  1949),  maize  (Nason  1949),  the 
pea  plant  (Galston  1949)  and  a  number  of  other  organisms. can  apparently 
synthesize  their  nicotinic  acid  from  trytophane  going  through  some  of  the 
same  intermediates  as  the  brown  eye  pigment.  In  addition  it  has  also  been 
shown  that  a  derivative  of  3 -hydroxykynurenin,  3-hydroxyanthranilic  acid 
is  one  of  the  more  intermediate  precursors  of  nicotinic  acid,  although  it  does 
not  seem  to  be  so  for  the  brown  pigment. 

The  question  naturally  arises  as  to  the  existence  of  a  relationship 
between  nicotinic  acid  and  the  brown  eye  pigment  in  the  metabolism  of 
insects.  Tatum  (1939,  1941)  has  investigated  the  vitamin  requirements  of 
Drosophila  melanogaster  and  found  that  vermilion  flies  require  nicotinic 
acid,  but  he  did  not  investigate  the  wild  type  requirement  for  nicotinic  acid. 
Since  the  genetic  block  in  vermilion  flies  is  between  tryptophane  and  ky¬ 
nurenin,  one  would  expect  them  to  be  unable  to  synthesize  nicotinic  acid. 
It  was  the  purpose  of  this  investigation  to  determine  the  nicotinic  acid 
requirement  of  the  wild  type  and  compare  it  to  that  of  the  vermilion. 

EXPERIMENTAL 

The  vermilion  strain  taken  from  stock  was  crossed  to  Oregon  R  wild 
type  and  the  homozygous  vermilion  recovered  in  the  second  filial  generation 
used  as  the  stock  mutant  strain  in  these  experiments.  Oregon  R  was  used 
as  the  wild  type. 
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Eggs  were  collected  from  females  of  both  strains,  sterilized  and  trans¬ 
ferred  to  tubes  of  sterile  basal  medium  (Wagner  and  Mitchell  1948) 
containing  washed  yeast  and  plus  or  minus  the  supplements:  kynurenin; 
3 -hydroxyanthranilic  acid;  nicotinic  acid. 

In  order  to  free  the  yeast  of  nicotinic  acid,  its  amide,  and  coenzymes 
I  and  II,  dried  Brewer’s  yeast  was  thoroughly  washed  with  hot  and  cold 
distilled  water  and  ethanol  until  the  soluble  yellow  coloring  was  removed. 
The  yeast  residue  was  dried  in  95%  ethanol,  resuspended  in  100%  ethanol 
and  collected  on  a  Buchner  filter.  The  original  yeast  lost  20%  of  its  dry 
weight  during  this  process.  Enzyme  digested  and  water  extracted  samples 
of  the  yeast  residue  were  microbiologically  assayed  for  their  nicotinic  acid 
content  (Williams  1942).  In  the  case  of  the  water  extract  of  the  yeast 
residue  sample,  0.0024  ug  of  nicotinic  acid  per  mgm  was  detected.  In  the 
case  of  the  enzyme  hydrolyzate  of  the  yeast  residue  sample,  it  was  found 
that  there  was  a  factor  which  would  inhibit  the  growth  of  the  assay 
organism.  The  inhibiting  factor  could  be  partly  diluted  out  and  a  much 
lower  assay  value  obtained.  In  spite  of  the  difference  in  the  assay  values, 
the  essential  fact  remained  that  there  were  subminimal  growth  inducing 
amounts  of  nicotinic  acid  present  in  the  yeast  residue. 

The  effectiveness  of  the  growth  factors  was  measured  in  terms  of  mean 
hours  of  larval  life;  percentage  of  pupae  produced  from  the  larvae;  per¬ 
centage  of  adults  emerging  from  the  pupae. 

The  results  from  supplementing  the  basal  medium  with  various  con¬ 
centrations  of  nicotinic  acid  are  given  in  Table  1.  Kynurenin  and  3 -hydro¬ 
xyanthranilic  acid  were  both  ineffective  in  inducing  growth  in  the  absence 
of  nicotinic  acid. 


TABLE  1 

THE  GROWTH  OF  OREGON  R  AND  VERMILION  FLIES  ON  VARIOUS 
CONCENTRATIONS  OF  NICOTINIC  ACID 


Nicotinic  acid 

in  ug/ml 

0.0  0.05 

0.5 

1.0  3.0  5.0 

Oregon  R,  Wild  Type 

10.0 

15.0 

Mean  hours  of 
larval  life 

no  no 

growth  growth 

328 

267 

218 

208 

196 

178 

Per  cent 
pupation 

5.1 

28.0 

53.0 

54.0 

92.0 

74.0 

Per  cent 
adults 

0.0 

13.0 

16.0 

13.0 

9.0 

10.0 

Vermilion,  Mutant 

Mean  hours  of 
larval  life 

no  no 

growth  growth 

309 

251 

225 

174 

132 

148 

Per  cent 
pupation 

4.6 

10.0 

24.0 

55.0 

61.0 

60.0 

Per  cent 
adults 

0.0 

0.0 

11.0 

4.0 

5.6 
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DISCUSSION 

The  data  show  conclusively  that  wild  type  requires  a  preformed  source 
of  nicotinic  acid  to  be  present  at  about  the  same  level  of  concentration  as 
vermilion  in  order  to  complete  development  on  the  medium  used.  None  of 
the  nicotinic  acid  precursors  tested,  kynurenin  or  3-hydroxyanthranilic  acid, 
showed  nicotinic  acid  activity. 

It  may  be  concluded  that  Drosophila  has  lost  the  ability  to  synthesize 
nicotinic  acid  even  though  it  continues  to  be  able  to  synthesize  some  of  the 
natural  precursors.  It  is  also  highly  probable  that  this  is  true  for  a  great 
many  other  insects  as  well,  since  most  insects  which  have  been  investigated 
for  their  nutritional  requirements  have  been  shown  to  need  nicotinic  acid. 

The  existence  of  a  pattern  of  biochemical  evolution  is  indicated  which 
involves  the  utilization  of  an  original  "primitive”  pathway  of  biosynthesis 
for  other  ends,  in  this  case  eye  color  pigment,  once  the  need  for  the  original 
required  compound  is  met  by  preformed  sources  in  the  natural  food  substrate. 

When  the  insects  first  arose  they  may  have  been  able  to  synthesize  nico¬ 
tinic  acid,  but  living  in  an  environment  abundant  in  nicotinic  acid  provided 
by  microorganisms,  etc.,  there  was  no  strong  positive  selection  for  the  ability 
to  synthesize  it.  Therefore  the  chain  of  reactions  involved  in  producing  it 
from  tryptophane  became  available  for  the  synthesis  of  other  compounds, 
such  as  brown  pigment.  The  ability  to  synthesize  this  compound  is  now 
selected  for,  since  it  is  involved  in  vision  in  all  insects  as  well  as  providing 
body  pigment  in  some. 

Such  a  scheme  as  described  above  may  be  involved  in  the  evolutionary 
development  of  many  biochemical  pathways  concerned  with  the  production 
of  compounds  such  as  pigments,  etc.,  which  cannot  be  obtained  from  the 
environment  in  the  preformed  state,  but  must  be  synthesized  in  situ.  The 
origin  of  these  pathways  is  not  explainable  by,  the  Horowitz  (1945)  hypo¬ 
thesis  alone.  In  that  hypothesis  the  synthetic  pathways  are  assumed  to  develop 
backwards  from  the  original  required  nutrilite  obtained  from  the  environ¬ 
ment.  But  their  origin  is  explainable  if  one  assumes  that  the  backward 
development  of  chains  of  reactions  occurred  first  from  nicotinic  acid,  and 
other  similar  metabolites;  and  then  when  the  original  required  compound 
again  became  more  abundant,  the  reaction  chains,  instead  of  being  com¬ 
pletely  abandoned,  were  used  to  produce  different  end  products. 
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The  days  when  optimistic  and  confident  predictions  were  made  that  a 
solution  to  the  cancer  problem  was  imminent  and  that  a  cure  would  soon  be 
available  have  passed.  The  chemotherapeutic  approach  has  been  disappointing. 
More  and  more  it  is  realized  that  this  complex  problem  must  be  resolved  into 
its  components  and  each  in  turn  intensively  studied.  Such  information,  when 
assembled,  may  provide  us  with  techniques  and  data  to  investigate  further 
and  enable  us  to  understand  and  possibly  control  this  "disease.”  In  no  field  of 
research  can  it  be  said  with  greater  truth  that  nothing  new  exists  under  the 
sun.  Many  theories  exist,  but  a  solution  is  yet  to  be  found.  The  writers  are 
of  the  belief  that  many  of  the  older  observations  may  be  correct,  but  should 
be  checked  by  means  of  more  critical  technical  procedures  and  that  theories 
should  be  evaluated  in  the  light  of  more  recent  information. 

Some  aspects  of  the  problem  have  been  subjected  to  close  scrutiny,  with 
the  results  usually  indicating  that  similarities  exist  between  cancerous  and 
non-cancerous  tissue  (Greenstein,  1947,  Chapter  8;  Krebs,  Krebs,  and  Beard, 
1950;  Carruthers  and  Suntzeff,  1951).  Similarity  in  chemical  composition 
and  behavior,  and  low  antigenicity  of  tumor  tissue  for  its  host,  indicate  that 
neoplastic  cells  are  probably  not  disease  entities  distinct  from  other  host  cells, 
but  actually  are  normal  cells  which  for  some  reason  have  exceeded  the  local 
bounds  of  restraint  exerted  upon  them  by  hormonal  or  other  control  me¬ 
chanisms,  or  which  have  been  forced  into  accelerated  growth  by  the  local 
production  of  some  unusual  compound,  and  which  have  accordingly  "gone 
wild.”  As  Nicholson  (1931)  pointed  out,  "Every  tumor— like  every  physio¬ 
logical  organ — is  truly  congenital  and  truly  acquired,  whether  it  arises  in  an 
embryo  as  a  reaction  to  an  unknown  stimulus,  or  in  a  centenarian  as  a  reac¬ 
tion  to  X-rays,  soot,  tar,  or  what  not.  For  the  reaction  is  innate  in  either 
case  and  therefore,  congenital  and  entirely  physiological;  the  stimulus  alone 
is  extraneous  to  the  reacting  part,  acquired  and  pathological.”  Rous  (1947), 
in  an  excellent  survey,  stated,  "Perhaps  the  largest  step  forward  of  the  last 
few  years  has  been  the  very  gradual  comprehension,  gained  incidentally  to 
the  experimental  production  of  tumors,  that  cancer  is  not  a  separate  neo¬ 
plastic  entity,  does  not  stand  off  by  itself,  but  is  merely  one  amongst  the 
immense  group  of  the  true  neoplasms,  all  these  being  expressions  of  a  single 
general  principle,  the  neoplastic  principle  as  one  might  call  it,  however  widely 
they  differ  in  cellular  make-up.” 
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Based  upon  the  well-known  fact  that  totipotent  cells  are  distributed 
throughout  the  soma,  Krebs  et  aL  (1950)  have  advanced  the  hypothesis  that 
these  cells,  probably  due  to  the  influence  of  steroid  hormones,  undergo  meiosis 
to  form  trophoblasts  which  then  behave  as  they  do  in  their  normal  environ¬ 
ment  during  pregnancy.  It  is  known  that  normal  rabbit  trophoblasts  devour 
uterine  tissue  when  the  normal  control  mechanisms  are  disrupted  upon  trans¬ 
ferring  both  to  tissue  culture  (Maximov,  1925). 

Regardless  of  the  initiating  cause  of  neoplastic  growth,  it  seems  apparent 
than  any  stimulus  which  will  disrupt  the  normal  control  mechanisms  locally 
may,  if  of  proper  quality  and  quantity,  induce  hyperplasia  in  the  area  in¬ 
sulted.  It  is  recognized  that  this  insult  may  actually  consist  of  several 
sequential  separable  phases  (Rusch,  1950).  It  is  well  known  that  certain 
carcinogens,  e.g.,  20-methylcholanthrene,  if  properly  applied,  will  induce 
neoplasms  in  virtually  any  locality,  and  therefore,  of  any  nature,  including 
such  diverse  expressions  as  epithelioma,  leukemia,  and  glioma  (Hartwell, 
1951).  Such  diverse  agents  as  radiations,  certain  viruses"'  and  widely  differing 
chemical  compounds  will  induce  neoplasia  of  many  types,  or  of  identical 
types,  and  they  all  have  the  property  of  initiating  irritating  or  inflammatory 
reactions  which  undoubtedly  disrupt  the  normal  control  mechanisms  (Men- 
kin,  1951).  The  inflammation,  when  of  a  certain  type,  and  when  of  sufficient 
duration,  might  invoke  the  elaboration  of  ill-defined  hormones,  or  cause 
existing  ones  to  accumulate.  Somatic  mutations  may  play  a  significant  role. 
In  a  manner  similar  to  the  way  in  which  carcinogens  induce  neoplasms, 
common  mutagenic  agents  produce  non-specific  mutations  at  given  loci. 
Some  mutagens,  however,  are  also  carcinogenic.  It  is  not  difficult  to  visualize 
that  the  production  of  a  somatic  mutation  in  a  cell  would  modify  a  gene 
controlling  the  production  of  some  antigenic  substance,  such  as  a  certain 
enzyme,  but  which  has  been  modified  to  such  an  extent  as  to  render  it  foreign 
and,  therefore,  antigenic  to  the  host.  The  antibodies  formed  in  response  to 
this  antigenic  stimulus  would  react  with  the  antigen,  i.e.,  with  the  modified 
enzyme  molecules  and  cause  an  anaphylactoid  reaction  (Opie,  1929).  The 
resulting  inflammation  might,  in  a  few  rare  cases,  act  as  a  trigger  to  invoke 
the  hyperplasia  preceding  neoplasia,  as  does  the  inflammation  set  up  by  the 
presence  of  a  non-mutagenic  carcinogen,  or  of  a  certain  virus  (e.g.,  in  the 
Rous  Carcinoma).  Once  neoplasia  has  commenced,  the  surrounding  tissue 
responds  with  ill-defined  resistance  patterns,  and  the  neoplastic  tissue  may  be 
overwhelmed,  contained,  or  practically  unaffected.  Only  in  the  latter  case 
will  a  gross  inspection  reveal  a  palpable  tumor.  It  must  be  obvious  that 
numerous  loci  of  neoplasia,  because  of  their  very  smallness,  or  because  they 
already  have  been  overwhelmed,  are  never  recognized.  Even  by  means  of  a 
thoroughgoing  microscopic  examination  many  could  be  overlooked,  and 
hence  the  determination  of  induced  or  spontaneous  tumors  is  subject  to  a 
high  percentage  of  error.  It  is  likewise  impossible  to  determine  the  exact  time 
of  origin  or  initiation  of  growth  of  such  tumors.  A  palpable  tumor  is  a 
neoplastic  growth  of  considerable  potency,  since  it  has  not  only  established 
itself,  but  has  been  able  to  sustain  a  rapid  rate  of  growth  for  a  considerable 
period  of  time.  Under  these  conditions,  it  is  impossible  to  investigate  criti¬ 
cally  such  matters  as  the  role  of  nutrition  on  the  incidence  and  growth  of 
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tumors.  Only  when  fragments  of  palpable  size  are  implanted  in  the  host,  and 
their  course  of  development  or  regression  is  followed  by  direct  observation, 
can  such  experiments  be  successfully  conducted."  "' 

Takano  and  Huggins  (Cancer  Research  12:834-837,  1952). 

Regardless  of  the  origin  of  the  neoplasm,  however,  it  is  well  recognized 
that  resistance  mechanisms  of  a  much  broader  nature  than  those  observed  in 
classical  immunology  are  immediately  elicited.  It  is  with  the  sum  total  of 
these  forces  that  our  investigations  have  been  concerned. 

TUMOR  IMPLANTATION 

One  of  the  unique  properties  which  has  been  ascribed  to  neoplastic  tissue 
is  its  autonomy  (Greene,  1951);  yet,  it  can  be  demonstrated  with  a  given 
tumor  and  within  a  closely  bred  strain  of  host  animals,  that  some  indi¬ 
viduals  are  resistant  either  to  the  induction,  implantation,  or  support  of  the 
tumor.  Most  investigators  have  employed  for  experimental  study  tumors 
which  could  be  successfully  implanted  and  cultured  in  all  animals  of  a  strain. 
Investigators  often  misinterpret  such  performance  as  resulting  from  the 
autonomy  of  the  tumor,  when  in  reality  it  is  conditioned  by  the  resistance 
level  of  the  host  strain  and  of  individuals  within  the  strain,  determined  by 
their  genotypes,  and  by  the  non-antigenicity  (non-foreignness)  of  the 
tumor  for  the  host.  A  tumor  which  is  autonomous  seems  in  some  respects 
to  be  comparable  to  the  perfectly  adjusted  parasite.  Such  a  parasite  is  so 
equilibrated  with  its  host  that  it  exercises  no  inconvenience  except  for  space 
requirements  and  nutrients.  There  is  little  or  no  detectable  immunological 
response.  For  all  intents,  it  is  not  foreign  to  the  host’s  tissues.  During  the 
growth  of  the  tumor,  tremendous  population  pressures  (Braun,  1946)  are 
established.  Cells  of  lower  viability,  vitality,  growth  rate,  or  potentialities 
will  soon  be  in  the  minority.  This  selection  process  is  recognizable  as  an 
increase  in  malignancy  and  autonomy.  The  autonomy  results  from  the 
selection  during  growth  of  cells  less  and  less  foreign  to  the  host.  The  more 
nearly  the  proteins  of  the  tumor  are  identical  with  those  of  the  host,  the 
more  autonomous  the  tumor  appears.  Transplanted  to  a  foreign  strain,  it 
elicits  a  more  intensive  response,  since  there  more  of  its  proteins  are  foreign 
and  therefore,  antigenic.  If  transplanted  to  a  different  host  species,  it  is 
only  the  rare  tumor  which  can  tolerate  this  response,  and  increasingly  so 
as  the  species  are  more  distantly  related  (Towbin,  1951).  We  have  dem¬ 
onstrated  this  fact  lucidly  with  a  transplantable  rat  fibrosarcoma  in  four 
different  inbred  strains  of  rats  (Loefer  and  Mefferd,  1953  ).  In  one  strain 
the  tumor  implanted  in  almost  100  per  cent  of  the  animals,  while  in  an¬ 
other  only  39  per  cent  did  so.  Since  aliquots  from  a  single  tumor  were  used 
throughout  and  were  controlled,  only  the  relative  resistance  forces  were 
measured.  The  results  of  quadruple  inoculations  from  four  different  tumors 
of  the  fibrosarcoma  within  one  strain  (Mefferd  and  Loefer,  1952a)  revealed 
the  highly  significant  fact,  speculated  upon  by  Tannenbaum  (1947),  but 
not  previously  experimentally  established,  that  these  resistance  mechan¬ 
isms  extend  to  a  determination  of  a  successful  implantation,  as  well  as  to 
the  subsequent  growth  of  the  implant. 

The  injection  of  the  tumor  fragment  by  means  of  a  trocar  initiates 
a  typical  inflammatory  reaction  (Murphy,  1926;  Menkin,  1951).  The  im¬ 
mediate  response  is  an  infiltration  by  leukocytes,  mostly  neutrophils,  and  a 

*  *  Since  going  to  press  some  of  these  problems  have  been  discussed  by  Talalay, 
Takano  2nd  Huggins  (Cancer  Research  12:  834-837,  1952). 
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congestion  of  the  area,  limiting  mobility  of  elements  in  the  area.  A  great 
deal  of  serum,  lymph,  and  other  highly  nutritious  material  accumulates  in 
the  area.  The  implant  is  not  impeded  to  any  great  extent,  and  continues  to 
grow  because  the  neutrophils  are  relatively  ineffectual  in  hindering  it  (Gay 
and  Morrison,  1923),  and  furthermore,  there  is  no  strong  antibody  response, 
since  the  proteins  of  the  tumor  are  relatively  non-foreign  to  the  host.  Nutri¬ 
tional  factors  in  such  a  situation  would  not  appear  to  be  limiting. 

The  success  of  the  implantation  will  depend,  therefore,  upon  what 
rapidly  mobilizable  defensive  forces  the  host  can  elicit,  and  upon  factors 
immediately  affecting  them,  such  as  the  lymphopenia  and  lowered  antibody 
response  following  a  pyridoxine  deficiency  (Stoerk,  1948).  Exposure  to  ioniz¬ 
ing  radiations  causes  a  marked  leukopenia  {e.g.,  Henkel,  et  al.,  1932),  in¬ 
hibits  the  production  of  antibodies  (Hektoen,  1915),  lowers  the  resistance  to 
infectious  diseases  to  such  an  extent  that  normal  saprophytes  may  initiate  a 
septicemia,  and  enhances  the  takes  of  homologous  skin  grafts  (Dempster 
et  al.,  1950)  and  tumors  (Toolan,  1951).  Probably  the  mustard  gases  would 
likewise  enhance  transplantations,  since  they  exert  similar  effects  as  X-rays 
(leukopenia,  lowered  antibody  production,  cf.  Rhoades,  1946).  A  low 
order  of  acquired  immunity  may  be  developed  by  host-animals  for  a  few 
tumors,  probably  of  a  type  for  which  immunological  tests  have  not  yet  been 
perfected  (Aptekman,  1947;  Loefer  and  Mefferd,  1952b).  Since  tumor  cells 
are  actually  largely  of  non-foreign  composition,  unless  transplanted  to  a 
foreign  strain,  it  is  not  surprising  that  so  little  success  has  attended  efforts 
to  demonstrate  acquired  immunity.'*' 

The  second  response,  coming  in  about  a  week,  involves  the  elaboration 
of  antibodies  to  neutralize  any  foreign  antigens  which  might  be  present 
(undoubtedly  few,  depending  upon  the  degree  of  "autonomy”  of  the  tumor) 
and  the  infiltration  of  monocytes  and  lymphocytes.  These  encircle  the  im¬ 
plant  and  tend  to  contain  or  destroy  it  (Murphy  1926;  Algire,  1947;  Wil¬ 
liams,  1951).  Murphy  has  pointed  out  that  these  resistance  forces  are  actually 
a  relatively  constant  quantity.  If  this  is  the  case,  it  is  quite  possible  for  such 
forces  to  destroy,  or  neutralize,  a  certain  rather  definite  number  of  cells  in 
any  implant,  regardless  of  its  size.  The  size  of  the  implant,  therefore, 
becomes  critically  important.  If  it  be  assumed  that  the  total  defensive  forces 
can  neutralize  1x10^  cells  in  an  implant,  then  an  implant  having  2  x  10‘' 
cells  would  have  great  difficulty  establishing  itself  since  one-half  of  its  cells 
are  neutralized  repeatedly,'*'  On  the  other  hand,  an  implant  containing  1x10^ 
cells  would  hardly  be  affected.  Even  if  it  were  assumed  that  90%  of  all  cells 
in  an  implant  are  destroyed  from  a  combination  of  trauma  and  defensive 
attack,  a  similar  situation  still  prevails,  as  far  as  survival  of  the  graft  is 
concerned.  Thus  it  may  be  seen  that  a  kind  of  growth  momentum  exists  in  a 
tumor.  Even  if  all  cells  are  growing  at  identical  rates,  the  larger  the  number 
present  the  better  the  tumor  can  fare  in  the  "soil”  of  the  host.  Apparent 
lag  periods  or  latency  following  induction  or  implantation  may  be  explained 
as  being  due  to  the  interval  required  for  the  unneutralized  neoplastic  cells 


*  Several  reviews,  which  appeared  since  this  paper  went  to  press,  by  Snell  (Cancer 
Research  12:543-546,  1952),  Barrett  (ibid.  535-542)  and  Hauschka  (ibid.  615-633) 
have  emphasized  this  point  and  summarized  the  data  on  immunogenetics  as  related  to 
tumor  immunity  and  resistance.  The  role  of  genetic  control  of  immunity  factors,  e.g., 
the  histocompatibility-2  allelic  series  of  mice  and  the  interplay  of  genetic  forces 
between  the  host  and  tumor  in  these  respects,  is  clear. 
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growing  at  either  a  constant  or  variable  rate,  to  gain  momentum  (number 
of  cells  X  rate  of  growth)  sufficient  to  overcome  the  defensive  forces  of  the 
host. 

NUTRITION  AND  TUMOR  RESISTANCE 

It  is  obvious  that  forces  other  than  those  just  described  are  also  operative 
in  the  expression  of  total  resistance,  since  this  resistance  can  be  altered  signifi¬ 
cantly  by  non-specific  treatment  of  the  host  prior  to  implantation.  We  have 
demonstrated  several  of  these  alterations,  involving  such  matters  as  the  total 
number  of  implant  cells  required  (Loefer,  Mefferd  and  Nettleton,  1952), 
age  of  host  (Loefer  and  Gilles,  19  51a),  age  of  animal  bearing  the  stock 
tumor  (Loefer,  1952),  and  the  existence  of  acquired  immunity  factors 
(Loefer  and  Mefferd,  1952b).  Sabine  and  Olitsky  (1938)  have  demonstrated 
that  during  host  maturation,  barriers  quite  unrelated  to  humoral  immunity 
develop,  which  block  in  adult  animals  the  routes  of  dissemination  of  infec¬ 
tious  disease  which  are  possible  in  young  animals.  Sabine  (1941)  demonstra¬ 
ted  that  nutritional  deficiencies  prevented  or  retarded  the  appearance  of  some 
of  these  natural  barriers.  The  close  relationship  of  rat  implantation- 
susceptibility  of  a  fibrosarcoma  to  age  (Loefer  and  Gilles,  1951a)  with  that 
of  infectious  diseases  is  striking,  as  is  also  the  susceptibility  to  ionizing 
radiation  (Abrams,  1951). 

Of  very  great  significance  was  the  discovery,  suspected  since  ancient 
time,  that  caloric  restriction  lowers  the  growth  of  spontaneous  tumors  (Rous, 
1914).  Tannenbaum  (1947)  demonstrated  this  clearly  in  leukemia  and  in  8 
spontaneous  or  induced  tumors.  Friedman  et  al.,  (1952)  showed  that  crowd¬ 
ing  of  Drosophila  melanogaster  larvae  inhibited  the  penetrance  of  the  ebony^^ 
pigmented  tumor  stock  through  the  creation  of  a  nutritional  deficiency, 
probably  in  the  yeast  required  for  growth. 

Unfortunately  the  use  of  spontaneous  or  induced  tumors  precludes  the 
extension  of  observations  to  tumor  initiation  or  implantation,  since  the 
presence  of  a  tumor  can  be  ascertained  only  after  considerable  growth  has 
occurred,  and  therefore  it  is  not  possible  to  determine  the  number  of  tumors 
which  arose,  many  of  which  probably  never  reached  detectable  size.  The  use 
of  a  transplantable  tumor,  with  techniques  as  developed  in  this  laboratory, 
enables  one  to  investigate  resistance  to  tumor  implantation  as  well  as  growth. 
That  the  resistance  mechanisms  to  implantation  were  strongly  influenced  by 
nutritional  factors  was  demonstrated  by  supplementation  of  the  diet  with 
pyridoxine  (Loefer,  1951)  and  thymic  extract  (Loefer  and  Gilles,  1951). 
This  treatment  significantly  enhanced  implantation  while  a  converse  effect 
was  noted  following  treatment  with  supplementary  phenylalanine  (Loefer 
and  Mefferd,  1952a).  As  pointed  out  above,  these  effects  are  probably  not 
the  result  of  direct  action  upon  the  tumor  cells. 

Resistance  is  thus  a  relative  factor  depending  upon  many  variables, 
such  as  size  of  inoculum,  age  of  host  and  donor  animals,  and  significantly,  the 
nutritional  state  of  the  animal.  It  is  well  known  (Anderson  and  Fraser, 
1934;  Cannon,  1942;  Cottingham  and  Mills,  1943;  and  Keys  et  ah,  1945) 
that  classical  immunity  is  affected  by  nutrition,  but  that  malnourishment 
often  plays  a  much  greater  role  than  an  improvement  in  nutritional  state.  As 


*  The  results  of  Talalay  et  at.  {vide  supra)  actually  confirm  this  with  respect  to 
incidence  for  even  a  two-fold  change  in  inoculum  size. 
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Clark  et  aL,  (19495  PP*  122-127)  pointed  out,  the  evidence  is  clear  that  the 
typical  clinical  picture  of  several  virus  diseases  can  be  markedly  altered  by 

a  variety  of  dietary  deficiencies. 

By  using  a  sufficiently  large  tumor  fragment  to  overcome  the  implant¬ 
ation-resistance  mechanisms,  the  influence  of  various  factors  upon  growth 
may  be  investigated.  We  (Mefferd  and  Loefer,  1952)  have  demonstrated, 
within  experimental  limits  of  error,  that  the  nutritional  state  of  animals  at 
the  time  of  implantation  may  exert  a  significant  influence  upon  the  subse¬ 
quent  growth  of  the  tumor.  A  caloric  restriction  induced  by  injecting  a 
competitive  analog  of  riboflavin  (isoriboflavin)  into  the  future  host-animal 
resulted  in  marked  effects  upon  the  growth  of  the  tumor.  It  must  be  observed 
that  it  is  impossible  to  create  a  single  vitamin  deficiency  without  so  altering 
the  metabolism  of  the  animal  as  to  yield  an  unintentional  caloric  restriction. 
The  common  tendency  to  average  results  obtained  from  experiments  of  this 
nature  and  to  neglect  a  sequential  treatment  of  the  data  in  a  manner  which 
offers  a  possibility  of  detecting  possible  trends  has  undoubtedly  masked  many 
significant  facts  in  the  past.  A  consistent  tendency  in  several  small  series 
may  be  more  revealing  than  the  results  of  a  single  large  experiment,  as  these 
experiments  demonstrated.  A  correlation  was  found  between  the  rate  of 
weight-loss  in  the  host  and  size  of  tumor  which  developed.  The  greater  the 
loss  in  weight,  the  larger  the  tumor  grew.  Likewise,  in  the  control  group,  the 
animals  gaining  at  the  greatest  rate  supported  the  largest  tumors.  This  is 
indicative  of  the  existence  of  a  more  complex  relationship  between  innate 
resistance,  and  nutrition  (including  related  factors)  than  has  been  held 
previously.  Resistance  forces  apparently  play  an  important,  yet  a  relatively 
constant  (quantitative)  role,  being  primarily  cellular  forces  (Murphy,  1926, 
p,  32).  It  has  been  repeatedly  demonstrated  that  control  of  tumor  growth 
has  seldom  been  achieved  by  specific  treatment  of  the  host,  for  the  tumor  will 
grow  even  at  the  expense  of  the  host  (White  and  Belkin,  1945;  Loefer, 
1952a).  In  view  of  the  role  of  nutrition  in  immunity  mechanisms  and  of  the 
previously  cited  cases  of  its  effect  upon  tumor  implantation  and  growth,  it 
seems  clear  that  nutrition  plays  important  direct  as  well  as  indirect  deep- 
seated  roles,  altering  innate  resistance  as  well  as  such  factors  as  the  stroma- 
inducing  capacity  of  the  tumor,  and  hormonal  balance  of  the  host.  That 
hormones,  per  se,  exercise  specific  effects  has  been  established  (Huggins  and 
Hodges,  1941).  It  thus  appears  that  the  apparent  resistance  both  to  implant¬ 
ation  and  subsequent  growth  is  actually  a  composite  of  several  interdependent 
factors."' 

We  have  suggested  that  tumor  growth  is  regulated  as  a  result  of  a 
shifting  ratio  between  nutrition  (including  related  factors)  and  resistance. 

INDIVIDUAL  METABOLIC  PATTERN  APPROACH 

Beadle  (1947)  and  the  modern  school  of  biochemical  geneticists  have 
laid  the  theoretical  basis,  and  the  brilliant  concepts  of  R.  J.  Williams  (1951, 
pp.  7-21)  the  modus,  operandi,  for  attacking  the  problems  of  the  funda¬ 
mental  nature  of  resistance  to  neoplastic  growth. 

The  development  of  paper  chromatographic  procedures  in  the  last  few 
years  permits  rapid  analytical  studies  to  be  made  on  the  constituents  of  bio¬ 
logical  fluids  of  individuals,  particularly  on  such  materials  as  amino  acids. 


*  In  a  recent  paper  Talalay,  Takano  and  Huggins  (Cancer  Research  12:838-843, 
1952)  discuss  some  of  the  nutritional  and  hormonal  factors  involved. 
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purines,  pyrimidines,  nitrogen  degradation  products,  sugars,  and  inorganic 
substances.  The  composite  picture  presented  by  such  data  reflects  the  meta¬ 
bolic  pattern  of  the  individual  studied.  Studies  on  biological  fluids  of  rats  and 
men  have  shown  that  there  are  very  striking  and  consistent  differences  in  the 
qualities  and  quantities  of  substances  occurring  in  the  body  fluids  of  indi¬ 
vidual  inbred  animals  even  when  on  identical  diets.  To  quote  R.  J.  Williams 
(1951,  p.  9)  .  .  differences  observable  between  individuals  are  often  gross 

and  require  no  hair-splitting  refinements  to  detect.  Corresponding  values  ob¬ 
tained  from  different  individuals  often  differ  not  by  10  or  20  percent,  but  by 
as  much  as  several  hundred  percent.”  For  example,  Reed  reported  {vide  supra, 
Table  I,  p.  140),  an  analyses  made  upon  pooled  samples  (7-11  daily  speci¬ 
mens  in  each  case)  showed  that  the  amount  of  phosphorus  excreted  in  the 
urine  of  a  number  of  individuals  belonging  to  a  single  strain  of  highly  inbred 
Wistar  rats  ranged  from  0.043  to  0.595  mg/mg  creatinine — almost  a  14- 
fold  difference. 

Not  only  does  the  typical  excretion  pattern  vary  within  a  given  strain, 
but  it  also  varies  with  the  strain  of  rat  used.  Thus,  with  respect  to  taurine, 
Reed  reported  {vide  supra,  F'igure  ii,  p.  147)  that  the  Fischer  344  strain 
excretes  several  hundred  times  as  much  as  the  combined  average  of  the  six 
strains  they  used,  whereas  the  Iowa  6  5-76  strain  excreted  less  than  10  per 
cent  of  this  average.  To  cite  another  comparison  as  regards  lysine,  the  Iowa 
2  5-32  strain  excreted  less  than  10  per  cent  of  the  combined  average,  whereas 
the  wistar  W-l-B  rat  excreted  approximately  2.75  times  as  much  as  the 
average. 

These  workers  have  correlated  peculiar  individual  metabolic  patterns, 
particularly  those  involving  vitamin  deficiencies,  with  certain  diseases,  and 
they  have  shown  further  that  these  diseases  (genetotrophic)  may  be  success¬ 
fully  treated  by  suitable  dietary  supplementation.  They  report  the  extremely 
encouraging  conclusion,  that  even  though  a  physiological  condition  rests 
upon  hereditary  roots,  a  nutritional  attack  may  be  successful.  The  rapidly 
growing  literature  relating  to  biochemical  genetics  establishes  the  theoretical 
basis  for  this  conclusion.  It  is  now  generally  recognized  that  genes  control 
enzymatic  reactions,  which  in  their  total  expression  establish  the  phenotype 
of  the  individual.  Modification  of  the  conditions  surrounding  the  enzyme 
molecules,  even  though  the  quantity  and  specificity  of  the  enzymes  are 
basically  gene-controlled,  can  result  in  a  change  in  phenotypic  expression. 
Thus,  in  an  animal  subjected  to  starvation  the  enzyme-substrate  may  be 
limiting  to  such  an  extent  that,  even  though  ample  enzyme  is  present,  the 
expression  of  its  action,  i.e.,  enzyme  product  formed,  is  identical  with  that 
of  an  organism  in  which  the  genotype  is  such  that  the  quantity  of  enzyme 
itself  is  limiting.  Likewise,  in  an  animal  possessing  a  gene  which  controls 
the  production  of  an  enzyme  of  low  affinity  for  the  substrate,  or  one  which 
is  limited  in  quantity,  the  phenotype  can  be  altered  by  simply  furnishing  as 
a  supplement  the  product  of  the  reaction  itself,  assuming  of  course,  that  the 
substance  is  diffusible. 

It  is  conceivable  that  the  phenomenon  of  tumor  susceptibility  is  also  a 
genetotrophic  condition.  Individual  and  strain  variation,  as  regards  both 
metabolic  pattern  and  tumor  susceptibility,  may  simply  be  an  expression  of 
metabolic  pattern  variation.  Research  directed  along  this  line  (Loefer  and 
Mefferd,  1952,  1953)  could  contribute  much  to  elucidate  the  nature  of  the 
"soil”  in  which  a  tumor  can  implant  and  grow.  While  numerous  investigators 
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have  sought  to  correlate  a  specific  phase  of  altered  metabolism,  such  as  the 
nature  of  excreted  steroids,  with  tumor  susceptibility  in  individuals,  there 
has  been  no  study  in  which  primary  emphasis  has  been  placed  on  the  rela¬ 
tionship  of  the  metabolic  pattern  to  tumor  susceptibility. 

As  was  the  case  with  alcoholism  (Williams  et  al.,  1951),  it  may  be 
necessary  to  scrutinize  each  individual  pattern  for  factors  related  to 
susceptibility. 

The  development  of  statistical  concepts  embodied  in  multiple  factor 
analysis  (Thurstone,  1947)  has  made  possible  an  entirely  new  approach 
toward  the  analysis  of  complex  biological  data  such  as  would  be  obtained 
from  a  thorough-going  investigation  of  the  metabolic  patterns  of  susceptible 
and  resistant  individuals.  By  multiple  factor  analysis,  the  investigator  should 
be  able  to  determine  those  prime  factors  in  the  metabolic  pattern  which  are 
correlated  with  resistance  or  susceptibility.  The  exact  quantitative  values 
of  any  individual  determination  are  not  important  per  se,  but  it  is  the 
relationship  as  a  component  of  the  pattern  which  is  significant. 

One  might  desire,  for  humanitarian  reasons,  to  make  an  immediate 
application  of  these  procedures  to  human  subjects.  The  complexity  of  the 
human  subject,  the  time  element,  the  impossibility  of  treating  humans  experi¬ 
mentally  and  of  keeping  them  within  the  investigator’s  ken,  and  above  all 
the  large  expenditure  in  technical  personnel  and  money,  would  seem  to  make 
it  imperative  that  the  exploratory  investigations  be  made  using  experimental 
animals.  Toennies  (  1952)  has  suggested  an  exploratory  clinical  study  along 
roughly  similar  lines  which  would  require  about  two  million  dollars.  He 
proposes  to  determine  at  intervals  only  ten  specific  physiological  character¬ 
istics  for  5000  humans  of  different  age  groups  for  a  period  of  five  years.  The 
records  of  those  who  develop  cancer  may  then  be  scrutinized  for  possible 
physiological  changes  preceding  the  malignant  expression  of  spontaneous 
tumors.  The  impossibility  of  selecting  criteria  known  to  be  correlated  with 
the  development  of  cancer,  with  the  concomitant  danger  of  excluding  possi¬ 
ble  prime  factors;  the  impossibility  of  differentiating  between  spontaneous 
tumors  arising  during  the  five-year  period  from  those  which  were  only 
latent;  the  failure  to  detect  the  early  stages  of  neoplasia  in  many  individuals 
during  the  period;  the  exceedingly  poor  experimental  control  as  regards  age, 
diet,  activity,  habits,  etc.;  and  the  necessity  for  chemotherapeutic  and/or 
surgical  treatment  immediately  upon  detection  would  seem  to  distinctly 
favor  a  more  critical  and  comprehensive  approach  utilizing  inexpensive 
animals. 

The  most  feasible  and  promising  approach  seems  to  be  through  the  use 
of  a  group  of  closely-bred,  inexpensive  animals,  such  as  rats,  which  are 
large  enough  to  enable  collection  of  a  sample  of  body  fluid  adequate  for 
quantitative  determination  of  3  0  or  more  physiological  characters.  A  tumor 
of  well  established  growth  characteristics  must  be  used,  /.c.,  the  tumor  cell- 
population  should  be  thoroughly  equilibrated  by  propagation  through  many 
transfers  under  carefully  controlled  conditions.  The  strain  of  inbred  animals 
employed  must  necessarily  have  resistant  members  in  order  that  two  groups 
may  be  segregated,  which  vary  as  little  as  possible  except  in  being  resistant  or 
susceptible  to  tumor  implantation.  Once  the  skeletal  metabolic  patterns  are 
determined  and  the  data  analysed,  it  should  be  possible  to  determine  the 
prime  factors  related  to  susceptibility,  or  to  examine  another  group  of  physio- 
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logical  characters.  Application  of  these  procedures,  using  the  prime  factors  as 
determined  in  rats  to  human  subjects,  should  effect  considerable  economy 
in  time  and  money. 

The  program  offered  here,  we  believe,  could  be  accomplished  in  a  rela¬ 
tively  short  time  and  at  modest  expenditure.  Preliminary  studies  (Mefferd 
and  Loefer,  195  3  )  in  this  laboratory  have  established  certain  differences  in 
the  patterns  of  resistant  and  susceptible  animals.  It  is  sincerely  hoped  that 
this  communication  may  stimulate  other  laboratories  to  embark  upon  similar 
investigations. 
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NOTES  ON  THE  CELL  WALL  OF  HIGHER  PLANTS 


RICHARD  B.  RYPMA 
Department  of  Biology 
A.  &  M.  College  of  Texas 

Considerable  confusion  may  arise  from  the  implications  and  varied 
terminology  in  the  literature  resulting  from  any  series  of  investigations  of  a 
problem.  This  may  be  particularly  true  when  the  literature  has  accumulated 
over  a  long  period  of  time  and  from  many  sources  with  emphasis  upon 
particular  aspects  of  the  problem. 

Historically  the  terms  cell  and  cell  wall,  and  the  relationship  of  the 
two  words,  has  presented  a  point  for  considerable  controversy  (Matzke, 
1943).  Robert  Hooke  in  166  5  applied  the  term  cell  to  each  of  the  small 
"cavities”  that  he  observed  in  various  vegetable  materials.  He  was  apparently 
aware  that  the  content  of  many  cells  was  in  the  form  of  juices  or  liquids; 
however,  he  probably  did  not  recognize  protoplasmic  structure  (Woodruff, 
1939). 

In  addition  to  Hooke,  there  was  a  host  of  observers  and  students  who 
contributed  to  the  knowledge  of  the  fundamental  living  unit  (Sachs,  1889). 
Leeuwenhoek  (1685-1689)  undoubtedly  observed  the  cell  wall;  however,  he 
apparently  did  not  recognize  it  as  a  significant  structure.  Karling  (1939) 
and  Conklin  (1939)  have  pointed  out  that  several  prior  individuals  stated 
the  basic  fundamentals  of  the  cell  theory;  however,  it  is  essentially  the 
premises  of  Schleiden  and  Schwann  that  are  usually  emphasized  by  present- 
day  biologists.  These  earlier  investigators  considered  the  compartments  or 
pores  as  "cells”,  and  the  cell  walls  or  "interstitia”  were  not  to  be  regarded 
as  constituent  parts,  while  the  contents  were  largely  ignored  (Harvey-Gibson, 
1919). 

Dujardin  was  probably  the  first  to  appreciate  the  importance  of  the  cell 
content,  and  in  1  83  5  he  applied  the  name  "Sarcode”  to  this  material.  Some¬ 
time  later,  around  1844,  Von  Mohl  announced  that  the  slimy  contents  of 
the  vegetable  cell,  the  "primordial  utricle”,  was  living  substance  and  was 
the  primary  constituent  of  the  cell.  He  gave  this  the  name  "protoplasm”,  a 
term  borrowed  from  human  physiologists.  With  the  discovery  of  the  proto¬ 
plast,  the  major  research  emphasis  was  placed  upon  its  activity,  and  the  cell 
wall  came  to  be  regarded  as  a  "lifeless  excretion”  of  living  substance  (Sachs, 
1889). 

At  the  present  time,  it  seems  convenient  and  justifiable  to  include  the 
protoplast  and  its  adjacent  wall  components  as  a  biological  unit.  Sharp 
(1934)  has  pointed  out  that  the  cell  wall  is  not  regarded  as  a  part  of  the 
cell  proper,  or  protoplast,  but  usually  as  a  product  of  the  activity  of  the 
latter.  If  this  is  entirely  the  case,  the  cell  wall  should  be  no  more  than  a 
non-living  layer;  however,  as  Eames  and  MacDaniels  (1947)  have  noted, 
the  layers  of  cell  wall  and  even  the  middle  lamella  may  contain  living  proto¬ 
plasmic  material  as  long  ts  the  protoplast  remains  vital.  Meeuse  (1941)  has 
reviewed  the  literature  establishing  the  presence  of  plasmodesmata  in  the 
walls  of  living  cells  and  has  noted  the  direct  continuity  of  the  protoplasts 
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and  plasmodesmata,  while  some  of  the  work  of  Heyn  (1940)  and  the  very 
nature  of  the  framework  of  the  wall  provides  evidence  of  intimate  relation¬ 
ships  between  the  wall  and  protoplasmic  activities.  Scott  (1949)  has  stated 
that  the  "cell  walls  are  heterogenous  perforate  structures,  the  pores  of  which 
are  filled  with  living  protoplasmic  strands  presumably  capable  of  active 
metabolism”.  Evidence  of  the  unity  of  the  cell  wall  and  its  adjacent  proto¬ 
plast  may  be  summarized  therefore  by:  (1)  the  intimate  relationship  existing 
between  the  two,  particularly  during  cytokinesis  (Sharp,  1934)  and  during 
differentiation,  and  (2)  the  widespread  occurrence  of  protoplasmic  connec¬ 
tions  (plasmodesmata)  along  with  the  possibility  of  the  existence  of  other 
vital  material  within  the  framework  of  the  wall. 

Strasburger  has  reviewed  the  literature  on  plasmodesmata  up  to  1901, 
and  his  criticism  of  the  field  gave  greater  clarity  than  any  previous  contri¬ 
bution.  Plasmodesmata  were  first  described  by  Tangl  in  1879,  although  they 
were  undoubtedly  known  to  botanists  before  that  time,  Tangl  had  referred 
to  these  structures  as  "offene  communicationen”;  however,  Strasburger’s 
adoption  of  the  term  '^plasmodesmen”  for  his  "plasmaverbindungen”  found 
rather  general  use  and  has  evolved  into  the  commonly  accepted  singular 
"plasmodesma”  and  the  plural  "plasmodesmata”  (Meeuse,  1941). 

Numerous  citations  are  found  (Meeuse,  1941;  Strasburger,  1901) 
establishing  the  presence  of  plasmodesmata  in  mosses,  liverworts,  ferns,  and 
flowering  plants,  where  they  occur  in  all  living  tissues  (Scott,  1949),  includ¬ 
ing  the  meristematic  regions  (Meeuse,  1941).  It  has  been  definitely  estab¬ 
lished  that  they  are  living  strands  of  protoplasm  and  quite  probably  very 
significant  in  the  function  of  the  plant  (Meeuse,  1941  a  &  b;  Scott,  1949). 
The  question  of  the  development  of  these  strands  and  their  subsequent  role 
in  the  life  of  the  plant  is  still  undetermined. 

CELL  DIVISION  AND  THE  CELL  WALL 

Division  of  the  cells  of  bryophytes  and  vascular  plants  ordinarily 
begins  with  the  formation  of  the  cell  plate,  which  lies  across  the  equatorial 
plane  between  the  two  daughter  nuclei.  Although  the  term  phragmoplast  is 
commonly  used  to  designate  the  central  spindle  of  the  dividing  figure  and 
its  subsequent  laterally  widened  halo  of  fibrils,  there  are  some  grounds  for 
objection  to  its  use,  since  it  is  not  a  body  or  organ,  but  rather  is  a  condition 
or  period  in  the  cycle  of  cell  life  (Bailey,  1920;  Goldstein,  1925).  The 
orientation  of  this  spindle  and  the  subsequent  formation  of  the  cell  plate 
across  it  is  apparently  coincidental.  Sinnott  and  Bloch  (1939,  1940,  1941) 
have  shown  that  in  relatively  large  and  highly  vacuolate  dividing  cells  the 
first  visible  evidence  of  the  plane  of  division  is  the  cytoplasmic  configuration 
rather  than  any  nuclear  activity,  and  that  this  aggregate  of  cytoplasmic 
material  forms  a  more  or  less  continuous  partition  through  which  the  cell 
plate  will  form.  To  this  cytoplasmic  plate  they  have  applied  the  term 
phragmosome.  The  work  of  Bailey  (1920),  Goldstein  (1925),  and  other 
authors  (Bailey,  1920;  Sinnott  and  Bloch,  1941,  literature)  seems  to  indicate 
that  the  situation  is  similar  in  younger  cells. 

The  fact  that  development  of  the  middle  lamella  was  closely  associated 
with  the  cell  plate  phenomenon  was  established  with  the  beginning  of  reliable 
investigations  of  the  process  of  cell  division.  The  theories  which  have  been 
proposed  to  account  for  the  origin  of  the  middle  lamella  in  general  are  of 
importance  only  from  the  historical  standpoint  and  fall  into  three  categories: 
( 1 )  the  theory,  which  was  discarded  early,  that  the  cells  were  imbedded 
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in  a  matrix  of  distinct  material;  (2)  that  the  middle  lamella  is  a  septum 
formed  by  and  common  to  adjacent  cells;  and  (3)  that  when  daughter  cells 
are  formed  by  cell  division  a  substance  is  secreted  in  the  space  between  them. 
The  second  concept  was  popular  and  strongly  supported  until  the  beginning 
of  the  20th  century. 

Treub  and  later  Strasburger  and  other  authors  (Allen,  1901;  Timber- 
lake,  1900)  published  accounts  of  the  splitting  of  the  cell  plate  and  sub¬ 
sequent  deposition  of  a  middle  layer  between  the  two  halves.  Timberlake 
(1900)  was  apparently  responsible  for  the  earlier  account  that  the  cell 
plate  was  formed  by  the  fusion  of  equatorial  swellings  of  the  spindle  fibers, 
followed  by  the  splitting  of  the  cell  plate  to  form  the  plasma  membranes 
of  the  twin  daughter  protoplasts  and  subsequent  appearance  of  the  material 
of  the  middle  lamella  in  the  resulting  cleft. 

In  the  more  recent  work  of  Becker  and  other  authors  (  1938)  it  appears 
that  the  first  indications  of  cell  plate  material  may  be  in  the  form  of  minute 
droplets  or  vacuoles  that,  with  increase  in  size,  coalesce  to  form  a  continuous 
plate.  Sharp  (1934)  supports  this  assumption  and  concludes  that  there  is 
a  local  dissociation  of  twin  protoplasmic  phases,  one  forming  a  liquid  cell 
plate  and  the  other  forming  the  plasma  interfaces.  Thus  Becker  defines  cyto¬ 
kinesis  as  a  dynamic  dissociation  of  cytoplasm  in  a  definite  zone.  The  role 
of  the  fluid  phase  is  still  controversial.  Becker  concludes  that  these  droplets 
solidify  and  become  a  part  of  the  wall,  while  other  authors  feel  that  particles 
formed  by  the  chromosomes  or  other  protoplasmic  parts  migrate  into  this 
region  (Becker,  193  8).  Sharp  (1934)  points  out  that  such  dissociation  has 
proven  to  be  reversible  in  the  living  protoplasm  of  some  forms. 

It  must  be  remembered  that  cytokinesis  by  cell  plates  is  a  distinct  pro¬ 
cess  with  characteristics  wholly  cytoplasmic;  however,  its  fundamental 
mechanism  is  influenced  by  its  relation  with  karyokinesis.  Basically,  then, 
we  can  conceive  this  process  of  dissociation  as  a  separation  of  two  bodies 
each  with  a  greater  cohesive  force  within  themselves  than  for  each  other. 
This  results  in  the  separation  of  the  protoplast  into  two  derivative  proto¬ 
plasts,  each  confined  by  the  development  of  interfacial  tensions  of  such 
magnitude  that  the  protoplasm  remains  completely  immiscible  with  its  sur¬ 
roundings  under  normal  conditions.  The  interfacial  layers  of  the  protoplast 
are  termed  the  plasma  membrane. 

THE  CELL  WALL 

In  an  attempt  to  clarify  the  confusion  resulting  from  the  terminology 
used  and  left  unexplained  by  various  investigators,  Kerr  and  Bailey  (1934) 
established  the  following  criteria  which  have  been  generally  accetped  (Ander¬ 
son,  193  5  ;  Foster,  1949;  Bailey,  1938;  Fames  and  McDaniels,  1947):  (1) 
The  middle  lamella  or  intercellular  material  is  an  amorphous,  isotropic  (i.e., 
appears  dark  through  crossed  polaroid  lenses)  material,  largely  of  pectic 
nature,  and  is  the  original  cell  wall  material  deposited  between  the  proto¬ 
plasts;  (2)  the  primary  wall  or  cambial  wall  is  the  first  anisotropic  (i.e., 
visible  through  crossed  polaroid  lenses  at  different  positions  dependent  upon 
the  light)  layer  of  the  wall  composed  largely  of  cellulose  and  pectic  sub¬ 
stances  and  capable  of  growth  and  extension,  but  may  undergo  reversible 
changes  in  thickness;  (3)  the  secondary  walls  are  any  other  wall  components 
formed  between  the  primary  walls  and  the  protoplast  and  limiting  the 
potentiality  for  growth  and  enlargement  of  the  cell  (Fig.  1). 
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Upon  the  surfaces  of  the  cell  plate  the  primary  or  cambial  walls  develop 
as  discrete  morphological  units  which  retain  their  identity  throughout  the 
growth  and  development  of  the  cell  (Kerr  and  Bailey,  1934;  Eames  and 
McDaniels,  1947).  Between  the  two,  physical  and  chemical  changes  occur 
which  result  in  the  establishment  of  a  firm  intercellular  substance  or  middle 
lamella  (Allen  1901;  Timberlake,  1900). 

Early  workers  (Kerr  and  Bailey,  1934;  Bonner,  1936,  literature)  recog¬ 
nized  the  presence  of  pectic  compounds  in  the  middle  lamella,  and  some 
regarded  it  as  a  sort  of  cement  between  neighboring  cells  of  a  tissue.  Kertesz 
(1951)  states  that  the  pectic  substances  are  deposited  as  either  one  or  two 
layers  in  the  middle  lamella  by  the  plasma  membranes  and  undergo  changes 
in  form,  quantity  and  character  during  the  development  of  the  plant.  And 
furthermore,  he  states  that  its  mass  may  be  increased  by  further  pectin 
development  or  the  material  may  be  absorbed  from  the  middle  lamella. 

Bonner  (1936),  expanding  earlier  work,  has  shown  that  similarities 
exist  between  calcium  pectate  compounds  and  the  middle  lamella,  and  has 
further  noted  that  certain  differences  in  appearance  of  the  cell  wall  may  be 
due  to  variation  in  calcium  content.  Tupper-Carey  and  Priestley  (1923) 
have  maintained  that  the  middle  lamella  is  of  a  protein-pectin  complex; 
however,  it  has  been  shown  by  Bonner  (1936)  that,  although  this  is  possible, 
such  complexes  in  no  way  resemble  the  middle  lamella.  Kertesz  (1951)  has 
pointed  out  that  the  evidence  presented  in  all  cases  is  meager  and  that  the 
role  of  any  component  should  not  be  discarded. 

Considerable  modification  of  the  middle  lamella  may  occur  during 
enlargement  of  the  cell.  Carre  (1922,  1925)  and  Tetley  (1930)  have  shown 
that  the  pectins  of  the  middle  lamella  undergo  marked  changes  during  the 
ripening  of  apple  fruit.  Early  in  the  development  of  the  fruit  a  middle 
lamella  is  evident  by  staining  and  seems  to  indicate  a  firm,  even  distribution 


FIG.  1.  Diagram  of  the  cell  wall  of  organized  plants,  a — The  compound  cell 
wall  composed  of  various  lamella,  b — The  middle  lamella,  c — The  primary  wall, 
d — The  innermost  layer,  e — the  central  layer,  and  f — the  outermost  layer  of  the 
secondary  wall. 
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of  pectins,  while  later  the  staining  becomes  quite  irregular.  During  the 
ripening  process  there  is  a  continuous  decrease  in  pectic  materials  with  sub¬ 
sequent  loosening  of  adjacent  cells.  Carre  and  Horne  (1927)  have  described 
much  the  same  happening  in  pears.  Kerr  and  Bailey  (1934,  1937),  Bailey 
(1938),  Harlow  (1927,  1932),  and  Scarth,  et  al.  (1929)  have  shown  the 
presence  of  lignin  in  the  middle  lamella  of  woody  plants  probably  in  con¬ 
junction  with  pectins,  cellulose,  etc.  It  appears  early  in  the  cambial  walls 
and  intercellular  material  and  becomes  more  intense  with  aging  of  the 
tissue.  As  lignification  progresses  the  pectic  content  usually  decreases.  It  has 
been  suggested  that  pectins  may  be  transformed  into  hemicelluloses  and 
then  into  lignins  directly  or  indirectly.  Evidence  exists  for  and  against  this 
conception  (Kertesz,  1951;  Buston,  193  5  ;  Norman  and  Norris,  1930). 

Bonner  (1936)  and  Kertesz  (1951)  have  both  emphasized  the  limita¬ 
tions  of  known  staining  techniques,  particularly  the  old  reliable  ruthenium 
red  (i.e.,  ammoniacal  ruthenium  oxychloride).  The  meagerness  of  our  know¬ 
ledge  of  the  pectic  materials  as  they  occur  in  plants  and  the  limitations  of 
morphological  information,  coupled  with  the  complex  structure  of  the 
pectins  serves  to  support  Bonner’s  statement  that  the  existing  structures 
proposed  are  probably  all  "fundamentally  in  error”,  as  well  as  the  reason 
for  the  multitude  of  contrary  beliefs  that  have  been  presented. 

The  first  cellulose  layer  which  is  subsequently  added,  the  cambial  ivall 
of  Kerr  and  Bailey  (1934),  by  the  protoplasts  of  adjacent  daughter  cells  is 
singular  in  its  capacity  for  growth  and  enlargement  and  in  its  character 
which  allows  reversible  changes  in  thickness.  It  consists  of  an  interjoining 
system  of  microfibrils  of  cellulose  that  are  based  upon  a  unit  of  no  definite 
molecular  weight,  but  rather  upon  long  chains  of  varying  length  aggregated 
into  bundles  known  as  Micelles  (Bonner,  1950).  The  Micelle  concept  was 
proposed  by  Nageli  (1864)  and  subsequent  investigation  has  served  only  to 
emphasize  the  essential  accuracy  of  the  larger  part  of  his  work.  Seifriz 
(1934),  Clark  (193  0),  Anderson  (193  5  ),  and  others  have  shown  that 
cellulose  is  composed  of  long  chains  of  glucose  residuces  lying  parallel  to 
one  another  and  oriented  in  the  wall.  Farr  (1936),  Farr  and  Eckerson 
(1934),  and  Sisson  (  193  5  )  have  proposed  that  cellulose  is  present  as  a  dis¬ 
continuous  phase  composed  of  cellulose  units  of  microscopic  size.  Sponsler 
(1926,  1928)  considers  the  cellulose  to  be  oriented  in  a  three  dimensional 
lattice  work  composed  of  chains  of  glucose  residues  that  lie  parallel  to  and 
lengthwise  the  axis  of  the  cell. 

The  manner  of  the  orientation  of  cellulose  in  the  cell  is  still  largely  a 
disputed  question.  Considerable  work  has  been  carried  out  but  most  of  it 
is  contradictory  (Bailey,  1939;  Balls,  1923,  1926;  Barrows,  1940;  Farr  and 
Sisson,  1934;  Preston,  1949;  Sisson,  193  5,  Frey  Wyssling,  1948;  Sponsler, 
1930;  Stamm,  1930).  Bonner  (1950)  has  presented  five  possible  orientations 
and  noted  that  fluctuation  exists  between  lamellae  and  within  lamellae  of 
the  wall. 

Cellulose  walls  can  be  considered  to  consist  of  various  numbers  of 
parallel  chains  surrounded  by  some  intermicellar  substance  and  bound  into  a 
network  formed  by  variable  lengths  of  cellulose  chain  extending  from  one 
micellar  aggregate  to  another,  welding  the  whole  into  a  coherent  interlock¬ 
ing  system.  The  micelles  are  the  smallest  structural  units  of  naturally 
occurring  cellulose  and  are  apparently  grouped  together  in  many  cell  walls 
as  long  microfibrillar  units  parallel  to  one  another  or  inclined  to  the  long 
axis  of  the  cell. 
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Cellulose  is  not  known  to  occur  alone  in  cell  walls;  however,  the 
cellulose  is  probably  responsible  for  the  physical  properties  of  the  wall. 
Associated  with  the  cellulose  framework  are  substances  such  as  lignin  (Kerr 
and  Bailey,  1934;  Bailey,  1938;  Harlow,  1932;  and  Ritter,  1928;  Freuden- 
berg,  1932),  pectic  compounds  (Kertesz,  1951),  hemicelluloses  (Bonner, 
1950),  cutin  (Lee  and  Priestly,  1924;  Priestly,  1943;  Bonner,  1950),  and 
suberin  and  mineral  components  (Fames  and  MacDaniels,  1947). 

The  primary  wall  is  characterized  by  the  ability  to  undergo  reversible 
changes.  As  Sponsler  (1929)  has  pointed  out,  growth  of  the  cell  wall  may  be 
considered  as  three  separate  phases:  (1)  formation  of  the  original  or  initial 
framework  of  cellulose,  (2)  increase  in  the  surface  area  of  the  cell  wall 
with  subsequent  increase  in  cell  size,  and  ( 3 )  the  increase  in  thickness  of 
the  walk  Therefore,  at  the  time  of  the  laying  down  of  a  framework,  the 
wall  is  endowed  with  the  inherent  ability  to  change  in  thickness  and  to 
change  in  surface  area.  Meyer  and  Anderson  (1939)  cite  an  example  of 
marked  elasticity  in  the  case  of  mesophyll  cells  which  may  undergo  rever¬ 
sible  changes  in  volume  of  30  per  cent  or  more  in  response  to  turgor  pressure 
changes. 

Heyn  (1940)  has  defined  three  types  of  change  which  may  occur  within 
the  wall:  (1)  elastic  changes  or  the  ability  to  undergo  reversible  changes  in 
size  or  shape;  (2)  plastic  changes  or  the  ability  to  undergo  permanent  irre¬ 
versible  changes  in  size  or  shape;  and  (3)  extensibility  or  the  ability  to 
undergo  changes  in  length.  Thus  reversible  changes  in  the  volume  of  the 
cell  are  due  to  elasticity  of  the  primary  wall,  while  irreversible  changes  are 
due  to  plasticity.  Extensibility  involves,  therefore,  the  change  in  length  of 
the  cell  actually  affecting  tangible  measurements  and  may  be  due  to  either 
elastic  change  or  plastic  change. 

Enlargement  of  the  surface  area  of  the  cell  wall  may  be  initiated  and 
carried  out  in  one  or  more  of  the  following  ways:  (1)  active  increase  in  the 
growth  of  the  cell  wall  as  a  result  of  the  addition  or  intrusion  of  new  cell 
wall  material  independent  of  other  activities  and  resulting  in  the  enlarge¬ 
ment  of  the  wall  surface;  (2)  elastic  extension  of  the  cell  wall  by  turgor 
pressure  with  subsequent  deposition  of  new  cell  wall  material  resulting  in 
permanent  extension  of  the  cell  wall  surface;  and  (3)  the  possibility  of 
plastic  stretching  involving  reorientation  of  the  fine  structure  of  the  cell 
wall  and  resulting  in  permanent  change  in  the  position  of  the  particles. 

When  enlargement  of  the  cell  has  ceased,  cell  wall  elaboration  may 
continue  for  some  time  as  the  relatively  massive  secondary  layers  are  formed. 
The  major  constituent  (Bonner,  1950)  in  the  secondary  wall  is  cellulose, 
associated  with  lignin,  hemcellulose,  tannins,  and  reduced  amounts  of  pec¬ 
tins.  The  process  of  lignification  of  secondary  walls  has  been  given  particular 
attention  by  Harlow  (1928,  1932),  particularly  with  regards  to  location. 
Ritter  (1928)  and  Harlow  (1932)  have  reported  that  apparently  chemical 
and  physical  differences  exist  in  the  lignins  of  various  components  of  the 
cell  wall. 

Bailey  (193  8,  1940)  has  maintained  that  the  developed  secondary  wall 
precludes  any  possibility  of  further  growth  or  increase  in  the  surface  area  of 
the  cell.  Therefore,  regardless  of  stimulation,  induced  or  natural,  no  resump¬ 
tion  of  growth  will  occur  unless  the  protoplast  escapes  this  sheath  by  one 
means  or  another.  Bloch  (1940)  contends,  on  the  other  hand,  that  dediffer- 
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entiation  and  subsequent  growth  may  occur  in  the  thickened  lignified  walls 
of  the  sclerenchyma  cells  of  various  monocotyledonous  plants  in  response  to 
the  stimulus  of  wounding. 

Structurally  and  chemically  the  secondary  cell  wall  is  quite  complex, 
and  great  tensile  strengths  have  been  reported.  Meyer  and  Anderson  (1939) 
have  reported  that  the  tensile  strength  of  the  flax  fiber,  for  example,  may 
be  as  great  as  110  Kg. /mm"  of  wall  area,  as  compared  to  spring  hardened 
steel  with  a  tensile  strength  of  between  150-170  Kg./mm^.  The  structural 
pattern  of  the  secondary  wall  is  variable,  but  is  somewhat  similar  to  the 
primary  wall  and  is  often  stratified  and  more  or  less  lamellate  (Bailey,  193  8; 
Bailey  and  Kerr,  1937)  dependent  upon  the  physical  and  chemical  properties 
of  the  structure  (Preston,  1949;  Preston  and  Wardrop,  1949). 

The  formation  of  the  successive  lamellae  of  the  secondary  wall  may 
be  by  mtti,sstisception  (i.e.,  the  insertion  of  new  micelles  of  wall  substances 
between  the  network  of  those  already  present),  or  by  apposition  (i.e.,  the 
centripetal  deposition  of  successive  layers  of  lamellae).  Foster  (1949)  has 
concluded  that  both  are  probably  involved. 
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FIG.  2.  The  three  general  possibilities  offered  as  means  of  increase  in  the 
surface  of  the  cell  wall. 
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SUMMARY 

This  paper  is  an  attempt  to  convey  some  idea  of  the  cell  wall  to  teachers, 
and  others  alike,  who  are  without  adequate  library  facilities  and  must  by 
necessity  convey  views  to  their  students  that  are  not  necessarily  in  keeping 
with  more  recent  developments.  More  important  still,  an  attempt  is  made 
here  to  present  a  cross  section  of  the  available  literature,  hoping  that  a 
greater  clarity  may  be  gained  through  its  use.  Except  as  a  survey  of  the 
literature,  no  contribution  is  made;  however,  it  is  hoped  that  this  will  bring 
new  information  to  the  group  that  has  not  had  it  available  prior  to  this 
time. 
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ESTABLISHMENT  AND  UTILIZATION  OF  BULBOUS  BLUEGRASS, 
POA  BULBOSA  L.,  IN  NORTH  TEXAS  SUBSERES.  1.  TAXONOMIC 
DESCRIPTION  AND  DEVELOPMENTAL  MORPHOLOGY 


A.  W.  ROACH  AND  J.  K.  G.  SILVEY 
North  Texas  State  College 

INTRODUCTION 

Perhaps  one  of  our  most  unusual  grasses,  bulbous  blue  grass  {Poa 
biilbosa  L.)  diverges  strikingly  from  common  generic  characters  through 
morphological  floral  alteration.  The  compound  panicle,  which  distinguishes 
it,  nods  when  mature  on  a  slender,  few-leaved  culm,  and  consists  of  a 
variegated  "plume”  of  twisted,  viviparous  bulblets  which  have  replaced  the 
florets  of  the  spikelet  (Fig.  1,  A).  Quantitatively,  this  grass  is  of  medium 
growth  form  and  occurs  usually  in  dense  aggregates. 

While  its  developmental  morphology  is  of  technical  interest,  several 
ecologic  characters  indicate  potential  economic  use  in  degraded  range  areas 
of  North  Texas.  These  are:  (1)  within  areas  of  establishment,  bulbous  blue- 
grass  occupies  the  more  severe  substrates  of  ruderal  seres.  Near  Corvallis, 
Oregon,  such  a  plasticity  allows  this  grass  to  thrive  in  bare,  sterile  soils 
devoid  of  the  more  common  annual,  primary  invaders;  (2)  a  recognition  of 
its  adaptability  and  particularly  its  ability  to  compete  with  downy  cheat 
grass  (Bromus  tectorum  L.),  which  has  replaced  the  native  climax  grasses 
in  the  arid  intermountain  ranges  of  the  Great  Basin,  has  led  to  extensive 
seeding  programs  in  those  areas  by  the  U.  S.  Department  of  Agriculture 
(Stoddart  and  Smith,  1943). 

In  a  recent  paper,  Shinners  (1948)  has  emphasized  both  the  funda¬ 
mental  principles  governing  establishment,  migration,  and  eventual  distribu¬ 
tional  patterns  of  introduced  plants  and  the  definite  benefit  derived  from 
many  as  components  of  the  Texas  flora.  In  a  personal  communication,  he 
states  that  the  introduced  flora  of  Texas  is  exceptionally  small,  barely  3% 
of  the  total,  compared  with  17%  in  California  and  20%  in  the  Northwest, 
and  that  there  is  room  for  importation  and  study  of  ecological  equivalents 
of  possible  economic  use. 

Since  published  information  on  bulbous  bluegrass  is  confined  largely  to 
floras,  it  is  first  the  purpose  of  the  authors  to  add  observations  in  this  paper 
to  its  known  morphology,  taxonomy,  and  phenology.  Secondly  a  series  of 
quantitative  studies,  to  be  published  later,  have  been  initiated,  in  view  of 
its  ecologic  plasticity,  to  determine  the  feasibility  of  its  use  as  a  pioneer 
reactor  on  North  Texas  ranges. 

These  autecologic  studies  will  include  statistical  variations  of  quantita¬ 
tive  growth  form  and  life  cycle  in  a  range  of  habitats  as  explained  by  micro¬ 
climatic,  edaphic,  and  biotic  analyses.  In  addition,  vegetative  chemical 
analyses  as  expressions  of  forage  values  will  be  determined. 
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FIGURE  1.  Morphology  of  Poa  bulbosa  L.  Part  A,  mature  plant;  note  bulbous 
base  and  altered  panicle.  Part  B,  normal  spikelet;  note  the  5  florets  with  ciliate 
keels.  Part  C,  leaf  point  of  divergence;  note  unusual  midfold  of  the  ligule. 


FIGURE  2.  Morphology  of  ihe  altered  spikelet  Poa  bulbosa  L.  Part  A,  initial 
elongation  of  the  fourth  lemma;  Part  B,  pseudoembryo  or  fifth  lemma;  note  "radicle” 
and  "plumule”.  Part  C,  initially  ecized  bulblet;  note  attenuation  of  lemmas  into  leaf 
blades;  Part  D,  established  bulblet;  note  swollen  lemma  bases  and  emergence  of 
fifth  lemma  as  culm. 
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DISTRIBUTION  AND  TAXONOMY 

Bulbous  bluegrass,  a  native  of  Europe  and  a  component  of  the  Mediter¬ 
ranean  complex  of  North  American  invaders,  was  introduced  probably  first 
into  the  Atlantic  Coastal  Plain  and  since  inland.  It  is  scattered  throughout 
the  meadows  of  Virginia  and  North  Carolina  (Hitchcock  193  5  ).  In  the 
continental  grasslands  formation,  it  has  achieved  an  increasing  distribution 
from  Oklahoma  north  to  Michigan  and  North  Dakota  and  west  across  the 
Idaho-Montana  saddle  to  the  palouse  prairies  of  the  Pacific  Northwest. 
Hitchcock  (  193  5  )  reported  its  introduction  in  and  around  Medford,  Oregon, 
for  cultivation;  however,  since  that  time  it  has  escaped  and  is  quite  pre¬ 
valent  throughout  the  western  trough  north  to  British  Columbia  and  south 
into  California. 

Poa  bulbosa  L.  Sp.  PL.  70,  (Eur.,  As.,  Afr.)  has  been  described  as: 
culms  closely  tufted,  bulbous  at  base,  3-6  dm.  high;  blades  and  sheaths 
glabrous,  the  former  short  1-2  mm.  wide;  panicle  narrowly  ovoid,  5-8  cm. 
long;  flowers  replaced  by  small  purplish  bulblets  about  2  mm.  long,  the 
glumes,  lemmas,  and  paleae  attenuate  into  green  appendages  1-2  cm.  long 
(Hitchcock  193  5  ;  Peck  1941).  However,  many  individuals  may  complete 
their  life  cycle  without  attaining  more  than  a  decimeter  in  height.  The  short 
blade  is  accentuatedly  navicular,  perhaps  more  so  than  in  other  species  of 
the  genus.  In  addition,  bulblet  formation  is  somewhat  different,  and  the 
ligules  are  2-3  mm.  in  length  and  have  an  usual  midfold  which  may  be 
unique  (Fig.  1,  part  C). 

FLORAL  ALTERATION  AND  LIFE  CYCLE 

The  entire  spikelet  or  inflorescence  unit,  with  the  exception  of  the 
glumes,  is  uniformly  differentiated  into  a  single  vegetative  bulblet  which 
usually  disarticulates  at  maturity  above  the  glumes.  Rarely  the  florets  of  a 
few  spikelets  fail  to  differentiate  and  remain  normal,  and  occasionally  there 
are  a  few  spikelets  which  are  altered  but  fail  to  develop.  Of  the  normal 
spikelets,  Hitchcock  (  193  5  )  describes  them  as  five-flowered  whose  lemmas 
are  both  webbed  at  the  base  and  densely  silky  on  the  keel  and  marginal 
nerves.  Most  unaltered  florets,  however,  are  merely  long  ciliate  on  the  keel 
with  glabrous  marginal  nerves  (Fig.  1,  part  B). 

During  the  course  of  alteration,  the  floral  whorls  do  not  develop  first 
and  then  become  converted,  as  previously  thought,  but  rather  the  gynoecium, 
androecium,  and  paleae  are  never  formed.  In  the  young  asexual  floret,  the 
fourth  lemma  elongates,  is  never  ciliate  on  the  keel,  the  nerves  enlarge,  and 
the  internerves  become  dark  purple  (Fig.  2,  part  A).  The  third  lemma, 
then  the  second,  and  finally  the  first,  progressively  change  as  the  fourth 
changes,  all  becoming  swollen  and  hard  at  their  bases  with  reserve  food.  The 
fifth  lemma  is  the  "plumule”  and  produces  the  culm;  whereas,  a  "radicle” 
as  a  separate  or  new  growth  is  produced  near  the  base  of  the  third  lemma, 
since  the  rachilla  is  greatly  foreshortened  over  the  normal  condition,  and 
erne’'"  as  the  primary  root. 

Poa  bulbosa  is  a  vernal  grass,  developing  early  with  the  main  group  of 
spring  forbs.  It  grows  rapidly  and  completes  its  growth  within  four  weeks. 
At  the  initial  emergence  of  the  panicle,  the  leaves  are  vigorous  but  soon 
wither  and  the  latter  development  takes  place  on  just  the  slender,  apparently 
naked  culm.  The  young  bulblets  disarticulate  either  above  or  below  the 
glumes  and  lie  dormant  until  they  receive  sufficient  moisture  to  sprout. 
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During  the  fall  of  the  first  year  the  plant  grows  vegetatively  and  reaches 
full  stature  the  following  spring  and  produces  a  panicle.  The  bulbous  base 
of  the  culm  enlarges  and  bears  the  dead  sheaths  of  the  first  year  plant  (Fig. 
1,  part  A) . 

The  evolution  of  the  first-year  plant  is  portrayed  by  the  established 
bulblets  of  Figure  2.  Part  C  illustrates  the  alteration  of  the  lemma  tips  into 
sheaths  and  leaf  blades  with  a  ligule  at  the  junction.  In  part  D,  the 
"plumule”  of  the  fifth  lemma  has  elongated  as  the  culm,  and  the  "cotyle¬ 
dons”  of  the  first,  second,  and  third  lemmas  have  withered. 

Grateful  acknowledgement  is  due  G.  T.  Goodman,  Curator  of  the 
Bebb  Flerbarium  of  the  University  of  Oklahoma  for  his  loan  of  the  follow¬ 
ing  specimens:  Fred  Barkley,  3020,  Salt  Lake  City,  Utah;  John  Merkle,  690, 
Berrien  Co.,  Michigan;  G.  T.  Robbins,  2426,  Pontotoc  Co.,  Oklahoma;  M. 
Bebb,  13  0,  Lugano,  Switzerland;  A.  A.  Beetle,  173  5,  Lake  Co.,  California. 
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THE  THIAMINE  CONTENT  OF  SELF-SELECTED  DIETS 
OF  COLLEGE  WOMEN  AS  RELATED 
TO  THE  ENRICHMENT  OF  CEREALS^ 

FLORENCE  I.  SCOULAR  AND  ADA  RUTH  RANKIN 
School  of  Home  Economics,  North  Texas  State  College 

With  enrichment  of  white  bread  and  all  purpose  flour  in  Texas,  it  has 
been  assumed  that  the  daily  thiamine  intake  has  been  increased  and  that  it 
is  adequate  for  good  nutrition.  Charles  Glen  King,  Scientific  Director  of  the 
Nutrition  Foundation  (1948)  says,  "Laymen  want  to  know  in  a  simple 
way,  that  their  food  intake  selected  on  a  highly  personal  basis  without  too 
great  sacrifice  of  cost,  convenience  or  enjoyment  is  adequate  to  protect 
health  with  a  reasonable  margin  to  spare.  One  of  the  difficulties  is  the  practi¬ 
cal  problem  of  getting  people  to  eat  what  scientists  recommend  on  the  basis 
of  good  evidence.  Automatically,  there  are  limitations  involving  education, 
cost,  tradition,  convenience  and  an  element  of  pleasure.  In  the  past  too  much 
reliance  has  been  placed  upon  variety  of  intake.  Merely  changing  food  items 
from  day  to  day  does  not  give  assurance  of  good  nutrition.  Variety  within 
major  groups  of  reliable  foodstuffs,  however,  can  afford  protection  together 
with  enjoyment  and  reasonable  economy.” 

In  1942  Lane  and  others  determined  the  thiamine  content  of  the 
average  American  diet,  such  as  was  consumed  by  the  middle  two-thirds  or 
three-fourths  of  the  population  prior  to  the  advent  of  enriched  bread  or 
flour  and  found  it  to  be  about  0.8  mg  per  2  5  00  calories.  This  value  is  sub¬ 
stantially  lower  than  previously  supposed  from  the  results  of  computations 
of  Stiebeling  and  Phipard  (1939).  Furthermore,  the  foods  used  in  deter¬ 
mining  Lane’s  average  mixed  diet  probably  offer  a  wider  variety  than  is 
usually  available  to  the  individual. 

In  our  laboratory  a  long-time  study  of  self-selected  diets  was  instituted, 
using  the  home  management  house  residence  women  who  were  willing  to 
serve  as  subjects.  By  this  arrangement  the  daily  composite  food  was  identical 
for  all  the  individuals  while  the  total  individual  intakes  varied  considerably 
due  to  the  separate  analysis  of  milk  and  the  correspondingly  varied  intakes 
of  beverage  milk.  The  purpose  of  the  present  study  was  to  determine  the 
thiamine  intake  and  the  urinary  excretion  of  young  college  women  consum¬ 
ing  self-selected  diets  containing  enriched  white  bread  and  cornbread  made 
with  either  enriched  or  unenriched  cornmeal. 

PROCEDURE 

The  daily  thiamine  intake  and  the  urinary  excretion  of  22  young 
college  women  consuming  self-selected  diets  were  determined  during  five- 
day  periods.  The  precautions  and  procedures  of  Holt  and  Scoular  (1948) 
were  used  in  collecting  the  food  and  excreta  samples  for  analysis.  A  serving 
of  each  food  from  each  meal  similar  in  all  respects  to  that  eaten  by  the  col- 
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lege  women  was  collected  in  weighed  jars  at  the  same  time  that  the  sub¬ 
jects  were  served  at  the  table.  The  weight  of  the  meal  was  determined  before 
the  food  was  macerated  in  a  Waring  Blendor  and  an  aliquot  taken  from 
each  meal  to  form  the  composite  daily  sample  which  was  identical  for  all 
subjects.  One-fourth  glass  of  milk  was  collected  daily  in  a  similar  manner, 
thus  giving  one  homogenous  milk  sample  for  each  five-day  period.  A  record 
was  kept  of  the  number  of  glasses  of  milk  consumed  by  each  subject  each 
day  since  this  was  the  only  variable  in  the  daily  food  intake.  After  analysis 
suitable  additions  were  then  made  to  each  individual’s  total  food  intake  to 
include  the  milk  thiamine.  All  samples  were  refrigerated  until  analyzed. 

The  diets  were  planned  by  the  two  groups  of  young  college  women 
living  in  the  Home  Management  duplex  at  the  time  of  the  study.  Both 
groups  used  the  same  menus  for  a  five-day  period,  with  each  group  pur¬ 
chasing  its  own  food  supply.  All  the  bread  and  flour  used  by  both  groups 
were  enriched.  Each  day  a  serving  of  cornbread  was  eaten  at  one  of  tlie 
meals.  One  group  (S)  used  unenriched  cornmeal  while  the  other  group  (N) 
used  enriched  cornmeal^  in  the  making  of  the  standardized  recipe  for  corn- 
bread.  Although  the  cornbread  recipe  had  been  standardized,  the  methods  of 
cooking  the  other  foods  had  not  been  and  so  varied  with  the  individual 
cook’s  experiences  and  techniques. 

The  thiamine  content  of  the  food  and  urine  was  determined  by  using 
the  Connor  and  Straub  method  (1944),  with  modifications  from  the  As¬ 
sociation  of  Vitamin  Chemists  (1947)  and  Gyorgy  (1950)  in  developing 
thiamine  to  thiochrome. 


TABLE  l 

DETERMINED  AND  CALCULATED  THIAMINE  VALUES  OF 
DAILY  COMPOSITE  FOOD  SAMPLES 


Thiamine  Content 

Determined  Calculated 

Group  S^  Group  N- 


mg 

mg 

1.06 

2.26 

1.87 

1.14 

0.90 

0.89 

1.07 

1.18 

1.30 

1.07 

1.70 

0.74 

1.73 

1.00 

1.13 

0.41 

0.51 

1.87 

0.82 

0.84 

0.89 

0.74 

0.65 

1.30 

0.70 

1.08 

0.74 

1.00 

0.91 

1.13 

0.33=^ 

0.69-^ 

1.08-^ 

Av.  0.92 

1.07 

1.18 

iGroup  S  served  unenriched  cornmeal  cornbread. 
^Group  N  served  enriched  cornmeal  cornbread. 
'"^Average  of  5  days’  composite  food  supply. 


-Enriched  cornmeal  furnished  by  Texas  State  Nutrition  Council’s  Research  Committee. 
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RESULTS  AND  DISCUSSION 

The  thiamine  content  of  the  daily  composite  food  samples  is  given 
in  Table  1.  All  of  the  daily  food  samples  were  analyzed  separately  except 
for  the  five-day  period  represented  by  the  last  figure  in  the  first  two  columns. 
These  values,  0.3  3  and  0.69  mg  of  thiamine,  are  the  average  of  a  five-day 
period  food  supply,  since  it  was  not  possible  to  keep  these  for  separate 
analysis  due  to  limited  refrigerator  space.  For  interest  the  calculated  thia¬ 
mine  values  of  the  diets  are  also  given  in  the  same  table.  In  comparing  the 
two  groups,  S  and  N,  it  is  apparent  that  while  the  same  menus  were  pre¬ 
pared  the  inclusion  of  one  serving  a  day  of  enriched  cornmeal  cornbread 
by  group  N  did  not  give  consistently  higher  daily  values  for  this  group, 
although  the  average  of  all  such  diets  was  slightly  higher,  namely,  1.07  as 
compared  to  0.92  mg  of  thiamine  for  group  S  with  the  unenriched  corn- 
meal  cornbread.  Both  the  enriched  and  unenriched  cornbread  diets  varied 
greatly  from  the  calculated  thiamine  values,  sometimes  being  less  and  some¬ 
times  more.  It  is  necessary,  however,  to  keep  in  mind  that  the  calculated 
values  with  an  average  of  1.18  mg  of  thiamine  for  the  composite  food 
samples  may  not  be  correct.  When  values  for  combination  dishes  and  salads 
were  not  available  in  published  tables,  the  thiamine  content  was  calculated, 
using  the  individual  ingredients  which  usually  disregarded  cooking  losses. 
It  was  previously  stated  that  thiamine  is  destroyed  in  many  cooking  pro¬ 
cesses  and  that  the  methods  used  in  preparation  of  the  meals,  with  the  ex- 


TABLE  II 


AVERAGE  DAILY  THIAMINE  INTAKE  AND  URINARY  EXCRETION 


OF  TWENTY-TWO  YOUNG 

COLLEGE  WOMEN 

Group 

Group  N2 

Period  Subject  Food  Urine 

Composite  Milk  Total 

Subject  Food 

Composite  Milk  Total 

Urine 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

mg 

Study  1 

Box 

0.69 

0.11 

0.80 

0.03 

Bal 

0.33 

0.05 

0.38 

0.03 

Mil 

0.69 

0.11 

0.80 

0.03 

Man 

0.33 

0.11 

0.44 

0.04 

McL 

0.69 

0.11 

0.80 

0.04 

Pet 

0.33 

0.12 

0.45 

0.06 

Sal 

0.69 

0.11 

0.80 

0.04 

Eu 

0.33 

0.12 

0.45 

0.04 

Whe 

0.69 

0.11 

0.80 

0.05 

Br 

0.33 

0.13 

0.46 

0.05 

Whi 

0.69 

0.11 

0.80 

0.03 

Str 

0.33 

0.15 

0.48 

0.06 

Average 

0.44 

0.05 

Average 

0,80 

0.04 

Study  2 

Hof 

0.80 

0.00 

0.80 

0.20 

Har 

0.73 

0.00 

0.73 

0.26-1 

Mill 

0.80 

0.00 

0.80 

0.11 

Bro 

0.73 

0.01 

0  74 

0.28-i 

Harg  0.80 

0.11 

0.91 

0.25 

McC 

0.82-^ 

0.02 

0.84 

0.17-^ 

Vin 

0.80 

0.07 

0.87 

0.05 

Lem 

0.82"* 

0.06 

0.88 

0.16 

Average 

0.85 

0.15 

Average 

0.80 

0.22 

Study  3 

Oeh 

1.41 

0.17 

1.58 

0.35 

Sch 

1.41 

0.18 

1.59 

0.25 

Average 

1.585 

0.30 

^Consumed  1  serving  of  unenriched  cornmeal  cornbread. 

-Consumed  1  serving  of  enriched  cornmeal  cornbread. 

•^One  meal  eaten  outside,  analyzed  and  suitable  corrections  made  today’s  total. 
“^These  subjects  were  in  negative  nitrogen  balance. 
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ception  of  the  cornbread  recipe,  were  not  standardized  and  so  offered  an¬ 
other  variable.  Furthermore,  not  until  this  study  had  been  completed  was 
it  learned  that  through  a  misunderstanding  the  Clemson  premix  used  in  en¬ 
riching  the  cornmeal  for  this  study  was  that  intended  for  whole  cornmeal 
and  not  the  degerminated  meal.  Consequently,  the  amount  of  thiamine 
added  to  the  daily  diets  by  the  use  of  this  enriched  cornmeal  in  the  making 
of  cornbread  was  less  than  supposed.  It  is  evident  that  the  slight  superio’:- 
ity  of  the  enriched  cornmeal  cornbread  diets  of  the  present  study  is  all  that 
one  could  expect  under  the  circumstances.  However,  these  thiamine  values 
suggest  that  in  general  even  slight  additions  of  thiamine  in  composite  foods 
give  an  increase  of  thiamine  in  the  daily  diet. 

Table  II  gives  the  total  daily  thiamine  intake  (composite  food  thia¬ 
mine  plus  milk  thiamine)  and  the  daily  urinary  excretion  of  thiamine  for 
22  young  college  women  consuming  the  diets  containing  the  serving  of  the 
enriched  or  the  unenriched  cornmeal  cornbread.  Twelve  of  the  22  women 
were  in  N  groups  during  their  residence  in  the  Home  Management  House 
and  10  in  S  groups.  Those  of  group  S  paralleling  subjects  Oeh  and  Sch  of 
group  N,  Study  3,  were  unable  to  complete  the  study.  During  Study  1, 
six  women  completed  the  metabolism  study  in  both  group  S  and  in  group 

N.  The  enriched  cornmeal  bread  diet  contained  twice  as  much  thiamine  as 
the  unenriched  diet.  The  difference  in  the  food  supply  (each  group  pur¬ 
chased  its  own  foods)  and  in  the  cooking  processes  undoubtedly  was  the 
basis  for  this  great  difference,  as  the  premix  used  in  enriching  the  cornmeal 
could  not  produce  this  difference.  During  Study  2,  the  thiamine  values  were 
reversed,  group  S’s  composite  foods  containing  more  (0.80  mg  thiamine) 
than  N’s  (0.73  mg  thiamine).  Two  subjects  in  the  latter  group  had  one 
meal  outside  the  House,  and  this  accounted  for  their  higher  daily  intake. 

Although  a  cup  of  the  milk  analyzed  during  these  studies  furnished 
only  0.06  mg  of  thiamine,  it  is  evident  from  Study  1,  S-N,  that  the  con¬ 
sistent  use  of  milk  materially  increased  the  thiamine  intake  of  the  subjects. 
During  Study  2  there  were  three  non-milk  drinkers,  two  in  group  S  and 
one  in  group  N.  In  Study  3  the  milk  consumed  furnished  enough  thiamine 
to  give  these  two  subjects  an  intake  which  met  the  National  Research 
Council’s  Recommended  Daily  Allowance  of  1.5  mg  thiamine. 

The  total  thiamine  intakes  ranged  from  0.3  8  to  1.59  with  an  average 
of  0.78  mg  for  the  22  young  college  women.  This  average  corresponds  to 

O. 80  found  by  Lane  and  others  (1942)  to  be  the  amount  consumed  by  the 
middle  two- thirds  or  three-fourths  of  the  population  prior  to  the  advent 
of  enriched  bread  or  flour.  These  averages  are  substantially  lower  than  1.2 
and  1-8  mg  reported  by  Stiebeling  and  Phipard  (1939),  for  25%  and  75% 
of  the  population,  respectively.  Winters  and  Leslie  (1943  and  1944)  found 
the  average  thiamine  intake  for  low-income  women  was  0.51  and  for  the 
moderate-income  group  0.72  mg.  With  the  enrichment  program  in  progress 
the  average  for  the  present  study  is  slightly  higher,  namely  0.78,  and  with 
the  group  receiving  additional  enriched  cereal  in  the  form  of  cornbread  even 
higher,  namely,  0.93  mg  of  thiamine.  The  diets  consumed  by  the  college 
women  of  the  present  study  were  representative  of  the  moderate-income 
group.  Even  with  enriched  white  bread  and  all-purpose  flour,  it  is  evident 
that  the  thiamine  content  of  the  daily  diet  is  still  dependent  upon  the  va¬ 
riety  of  foods  eaten  and  the  way  these  foods  have  been  cooked. 


68 


The  Texas  Journal  of  Science 


1953,  No.  1 
March 


The  average  daily  urinary  thiamine  on  these  intakes  ranged  from  0,03 
to  0.3  5  mg.  The  two  subjects  Oeh  and  Sch  with  a  composite  food  intake 
of  1.41  mg  of  thiamine  had  the  highest  urinary  excretions,  namely,  0.3  5 
and  0.2  5  mg,  respectively.  The  lowest  excretions,  that  is,  those  below  0.06 
mg  of  thiamine,  occurred  on  composite  diets  of  0.3  3  and  0.69  mg- of  thia¬ 
mine,  with  one  exception  (Vin),  and  that  excretion  of  0.0  5  was  on  an 
intake  of  0.80  mg.  Hathawday  and  Strom’s  (1946)  subjects  excreted  0.09, 
0.091,  and  0.112  mg  of  thiamine  on  a  natural  diet  containing  0.84  mg, 
whereas  the  subjects  of  the  present  study  consuming  a  total  thiamine  in¬ 
take  of  0.73  to  0.91  mg  of  thiamine  excreted  from  0.03  and  0.28  mg.  How¬ 
ever,  Hathaway  and  Strom’s  (1946)  subjects  had  been  maintained  on  a 
synthetic  diet  containing  1.0  mg  of  thiamine  for  seven  weeks  prior  to  their 
study,  whereas  no  synthetic  diet  was  employed  in  the  present  study. 

When  Oldham  and  coworkers’  (1946)  subjects  were  on  a  freely  chosen 
diet  during  their  preliminary  period,  they  excreted  an  average  of  0.097  mg 
of  thiamine.  According  to  these  authors,  their  subjects  returned  only  6.3% 
of  a  test  dose  and  were  therefore  considered  to  be  in  only  fair  state  of  nutri¬ 
tion  with  respect  to  thiamine.  Their  subjects  were  examined  by  an  experi¬ 
enced  clinician  and  were  found  to  have  no  deficiency  symptoms.  Although 
no  clinical  investigations  of  the  subjects  of  the  present  study  was  possible, 
they  expressed  no  symptoms  of  illness.  However,  Scoular  and  Foster  (1946) 
reported  an  earlier  study  of  similar  college  women  in  which  they  were  com¬ 
pared  with  the  previously  reported  studies  of  college  women,  and  it  was 
found  that  101  Texas  college  women  were  taller  and  lighter  in  weight  than 
those  of  the  previous  studies.  In  comparison  with  Oldham  and  coworkers’ 
(1946)  group  of  young  women,  those  of  the  present  study  may  be  con¬ 
sidered  to  be  even  less  than  fair  in  their  state  of  nutrition  with  reference 
to  thiamine.  No  doubt  this  poorer  nutritional  state  is  true  of  other  nutrients 
also,  since  three  of  these  22  women  were  in  negative  nitrogen  balance. 
Neither  Hathaway  and  Strom  (1946)  nor  Oldham  and  coworkers  (1946) 
give  the  nitrogen  balances  of  their  subjects.  Since  all  of  the  subjects  of  the 
present  study  either  gained  in  weight  or  maintained  their  weight,  it  was 
assumed  that  the  diets  were  calorically  adequate.  Consequently,  it  is  believed 
that  the  low  thiamine  excretions  are  due  directly  to  the  low  thiamine  in¬ 
takes  and  that  for  the  majority  of  these  subjects  low  intakes  represent  a 
common  dietary  practice.  The  need  for  further  studies  of  the  thiamine 
intakes  of  college  women  on  self-selected  diets  is  indicated.  To  add  to  these 
data,  a  study  of  the  thiamine  intakes  of  college  women  based  on  their  selec¬ 
tion  of  foods  from  a  cafeteria  counter  is  now  under  way. 

SUMMARY 

The  daily  composite  food  thiamine  values  ranged  from  0.33  to  1.73 
mg  for  group  S  (unenriched  cornmeal  bread  serving)  and  from  0,51  to  2.26 
mg  for  group  N  (receiving  the  enriched  cornmeal  bread  serving)  with  an 
average  of  0.92  for  the  former  and  1.07  mg  for  the  latter  group.  The  cal¬ 
culated  thiamine  content  of  these  diets  ranged  from  0.74  to  1,87  mg  with 
an  average  of  1.18  mg. 

The  milk  consumed  raised  the  thiamine  content  for  all  but  the  three 
non-milk  drinkers.  The  total  daily  thiamine  intakes  ranged  from  0.3  8  to 
0.91  mg  for  the  10  subjects  in  S  groups  and  from  0.73  to  L59  mg  for  the 
12  subjects  in  N  groups. 
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The  daily  urinary  thiamine  averaged  from  0.0  5  to  0.15  mg  for  the 
S  groups  as  compared  with  0.04  to  0.30  for  the  N  groups. 

Three  of  the  subjects  in  Study  2  were  in  negative  nitrogen  balance, 
whereas  all  of  the  other  subjects  were  in  positive  nitrogen  balance. 

The  low  urinary  thiamine  excretions  of  13  of  these  22  subjects  indi¬ 
cate  that  their  thiamine  reserves  are  low  and  that  diets  prior  to  this  study 
were  less  than  optimum. 

Even  the  slight  increase  in  the  daily  thiamine  content  represented  by 
one  serving  of  a  food  made  with  an  enriched  cereal  was  observed  with  these 
diets,  although  the  methods  of  cooking  the  other  foods  in  the  diet  were 
not  standardized. 
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TERNARY  LIQUID  SYSTEM:  PHENOL-WATER-N-PROPYL 

ALCOHOL 


F.  F.  MIKUS  AND  S.  E.  CARSON 
Texas  College  of  Arts  and  Industries 

The  increase  in  the  use  of  liquid-liquid  extraction  in  industry  has 
brought  more  attention  to  the  study  of  ternary  liquid  systems.  A  consid¬ 
erable  amount  of  data  of  physical-chemical  nature  is  necessary  for  the  selec¬ 
tion  of  the  best  method  to  be  used  and  the  proper  design  of  the  equipment. 
As  there  is  a  limited  amount  of  such  data,  one  must  turn  to  the  tedious 
experimental  method  for  the  information. 

Schreinemakers  (1893)  and  Roozeboom  (1894)  studied  the  solubility 
behavior  of  ternary  liquid  systems  in  which  at  least  one  pair  of  liquids  is 
only  partially  miscible.  Both  used  a  graphical  method  for  representing  the 
mutual  solubility  data  in  which  the  moles  of  component  C  was  plotted 
against  the  number  of  moles  of  component  B  per  moles  of  component  C.  In 
some  cases  the  weight  per  cent  of  component  A  was  plotted  against  the 


B 
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weight  per  cent  of  B,  In  either  method  the  amount  of  component  C  did 
not  appear  on  the  graph  and  a  clear  representation  of  the  system  as  a  whole 
could  not  be  made. 

The  method  of  plotting  the  data,  most  commonly  used  at  the  present 
time,  is  that  introduced  by  Gibbs  (1876).  In  this  method  an  equilateral  tri¬ 
angle  (Fig.  1)  is  used.  Use  is  made  of  the  fact  that  the  sum  of  the  per- 
pendictulars  Pa,  Pb  and  Pc,  drawn  from  any  point  P  within  the  triangle  to 
the  sides  of  the  triangle  is  equal  to  the  altitude  of  the  triangle.  The  length 
of  the  altitude  represents  100%  composition  and  the  lengths  Pa,  Pb  and  Pc 
represent  the  percentages  of  A,  B,  and  C  respectively.  The  verticles  of  the 
triangle  represent  pure  components  A,  B  and  C.  Thus  the  quantities  of  the 
different  components  are  represented  as  fractional  parts  of  the  whole,  which 
is  the  altitude.  A  point  on  the  side  of  the  triangle  represents  a  binary  mix¬ 
ture  of  the  two  compounds  at  the  ends  of  the  side. 

Ternary  liquid  systems  can  be  classified  into  various  classes  accordingly 
as  the  liquids  are  immiscible,  partially  miscible  or  completely  miscible.  There 
are  three  types  of  partially  miscible  systems:  systems  in  which  one,  two  or 
three  pairs  of  components  are  miscible.  The  system  reported  here  is  of  the 
first  type.  Phenol  and  water  are  partially  miscible  in  each  other,  whereas 
n-propyl  alcohol  is  miscible  in  all  proportions  with  both  phenol  and  water. 

The  method  used  for  obtaining  the  mutual  solubility  curve  is  similar 
to  that  described  by  Washburn  (1932).  Solutions  of  a  pair  of  miscible 
liquids  varying  in  composition  were  prepared  by  introducing  known  amounts 
of  each  liquid  into  a  glass-stoppered  flask  using  calibrated  pipettes.  These 
solutions  were  brought  to  2  5  degrees  C.  in  a  constant  temperature  bath. 


TABLE  I 

MUTUAL  SOLUBILITY  DATA  AT  25°C. 


Weight  Percentages 


D 


Phenol 

Water 

Propanol- 1 

^2.6° 

Density 

71.06 

28.94 

00.00 

1.4812 

1.0480 

68.78 

25.39 

5.83 

1.4784 

1.0314 

65.69 

23.17 

11.14 

1.4731 

1.0176 

58.57 

21.10 

20.33 

1.4640 

0.9992 

52.37 

20.92 

26.71 

1.4545 

0.9760 

45.54 

21.83 

32.63 

1.4441 

0.9595 

41.49 

22.50 

36.11 

1.4363 

0.9516 

37.15 

23.93 

38.92 

1.4301 

0.9427 

29.62 

27.71 

42.67 

1.4180 

0.9313 

20.76 

35.06 

44.17 

1.4032 

0.9244 

15.48 

43.14 

41.38 

1.3911 

0.9261 

12.65 

49.19 

38.16 

1.3850 

0.9325 

10.59 

53.91 

35.26 

1.3791 

0.9382 

9.44 

58.00 

32.56 

1.3737 

0.9419 

8.18 

61.45 

30.37 

1.3689 

0.9467 

7.16 

64.49 

28.35 

1.3662 

0.9528 

4.73 

72.93 

22.34 

1.3585 

0.9622 

3.41 

79.06 

17.53 

1.3538 

0.9713 

3.13 

85.51 

11.36 

1.3487 

0.9816 

4.37 

89.58 

6.05 

1.3457 

0.9908 

8.45 

91.56 

00.00 

1.3490 

1.0033 
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The  third  component  was  added  from  a  microburette,  graduated  in  0.01 
ml  divisions,  until  the  appearance  of  a  second  phase  was  noted  by  a  slight 
cloudiness  or  opalescence  upon  shaking.  In  order  to  obtain  more  definite 
endpoints,  phenol  was  titrated  into  solutions  of  varying  concentrations  of 
n-propyl  alcohol  and  water  on  the  water-rich  portion  of  the  curve,  and 
water  was  titrated  into  solutions  of  varying  concentrations  of  n-propyl 
alcohol  and  phenol  on  the  phenol-rich  portion  of  the  curve.  The  flasks 
were  returned  frequently  to  the  constant  temperature  bath  between  addi¬ 
tions  of  the  titrating  agent  in  order  to  maintain  a  constant  temperature. 
The  refractive  index  of  each  of  these  mixtures  at  the  endpoint  was  deter¬ 
mined  with  an  Abbe  refractometer,  the  lenses  of  which  were  kept  at  2  5 
dgrees  C.  by  water  circulated  from  the  water  bath.  Five  samples  of  each 
mixture  were  run  so  as  to  get  check  readings  and  to  furnish  samples  for 
the  determination  of  densities,  which  were  obtained  by  using  five  ml  pycnom¬ 
eters  at  2  5  degrees  C.  The  temperature  of  the  bath  used  throughout  this 
investigation  was  held  at  constant  temperature  it  0.1  degree  C.  by  an  elec¬ 
tronically  controlled  circuit. 

The  data  obtained  by  the  above  method  is  given  in  Table  I.  In  first 
three  columns  of  the  table  are  given  the  data  for  the  mutual  solubility  curve 
shown  in  Fig.  2.  The  area  under  the  curve  represents  the  heterogeneous  re¬ 
gion  while  the  area  above  the  curve  reprsents  the  homogeneous  region.  In 
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other  words  a  system  whose  composition  is  represented  by  a  point  under 
the  curve  will  have  two  phases  while  one  represented  by  a  point  above  the 
curve  will  have  only  one  phase. 

It  is  interesting  to  note  that  the  solubility  of  phenol  in  water  as  well 
as  water  in  phenol  is  decreased  by  the  addition  of  n-propyl  alcohol  until 
the  concentration  of  alcohol  is  12  and  15%  respectively.  Further  additions 
of  alcohol  cause  an  increase  in  the  mutual  solubility  until  a  homogeneous 
phase  is  obtained. 

A  knowledge  of  densities  is  useful  in  predicting  the  rate  at  which 
equilibrium  between  the  phases  will  be  established. 

If  the  overall  composition  of  the  system  is  defined  by  a  point  in  the 
heterogeneous  region  of  the  graph,  two  liquid  phases  are  formed.  The 
compositions  of  these  phases  lie  on  the  solubility  curve.  A  straight  line  con¬ 
necting  the  points  representing  the  conjugate  solutions  is  known  as  a  tie  line. 

Tie  line  data  (Table  II)  was  obtained  by  thoroughly  mixing  different 
proportions  of  the  compounds  so  that  the  composition  of  the  system  fell 
under  the  curve  and  by  placing  the  mixtures  in  a  constant  temperature 
bath  until  equilibrium  was  reached  as  evidenced  by  the  absence  of  turbidity 
in  the  conjugate  solutions  and  at  the  interface.  This  process  took  from  a 
few  hours  to  several  weeks  depending  on  the  relative  densities  of  the  two 
layers.  After  equilibrium  was  reached  the  refractive  indies  of  the  conjugate 
layers  were  determined  by  the  same  method  described  above.  The  refractive 
indices  of  the  conjugate  layers  were  determined  by  the  same  method  de¬ 
scribed  above.  The  refractive  indices  of  the  solutions  of  known  composition 
(column  4,  Table  I)  were  plotted  against  the  concentrations  of  each  of  the 
components  (Fig.  3).  Knowing  the  refractive  indices  of  the  conjugate  so¬ 
lutions  and  referring  to  F'ig.  3,  their  compositions  can  be  obtained  directly. 

The  tie  lines  shown  in  Fig.  2,  show  that  with  an  increase  in  the  n-propyl 
alcohol,  the  amount  of  alcohol  entering  the  phenol-rich  layer  is  large,  where¬ 
as  the  amount  entering  the  water-rich  layer  is  small.  This  displaces  the 
plait  point  to  the  water-rich  side  of  the  curve.  The  plait  point  represents 
the  point  on  the  mutual  solubility  curve  where  the  two  conjugate  phases 
become  one. 


TABLE  II 

TIE  LINE  DATA  AT  25°C. 


Phenol  Layer  Water  Layer 


Phenol 

Water 

Propanol-1 

^25® 

Phenol 

Water 

Propanol-1 

n.,-o 

66.8 

23.6 

9.7 

1.4750 

7.0 

92.0 

2.0 

1.3468 

56.2 

20.8 

23.0 

1.4604 

6.0 

91.0 

3.5 

1.3460 

50.0 

21.1 

29.0 

1.4509 

4.3 

89.2 

6.8 

1.3470 

39.65 

22.95 

37.4 

1.4340 

3.1 

87.2 

9.6 

1.3475 

37.6 

23.7 

38.6 

1.4317 

3.0 

86.6 

10.5 

1.3480 

29.6 

27.7 

42.7 

1.4180 

3.1 

84.0 

13.1 

1.3501 

28.6 

28.4 

43.1 

1.4165 

3.3 

S3.2 

13.7 

1.3505 

23.5 

32.6 

44.6 

1.4080 

3.5 

80.0 

16.6 

1.3530 

19.1 

37.3 

43.6 

1.3991 

3.5 

77.4 

19.0 

1.3550 

17.2 

40.3 

42.4 

1.3953 

4.0 

75.0 

21.0 

1.3568 

14.8 

44.2 

40.2 

1.3900 

4.8 

72.3 

22.9 

1.3591 
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The  tie  lines,  as  in  this  case,  are  practically  never  parallel  to  the  base 
of  the  triangle  or  to  each  other.  Unless  the  conditions  of  a  given  problem, 
e.g.,  the  application  of  the  data  to  liquid-liquid  extraction,  are  identical  to 
those  under  which  the  tie  lines  were  determined,  it  becomes  necessary  to 
interpolate  between  existing  tie  lines.  Several  methods  of  correlating  tie  line 
data,  notably  those  of  the  International  Critical  Tables  (1929),  Sherwood 
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(1937),  Bachman  (1940),  Othmer  and  Tobias  (1942)  and  Hand  (1930), 
have  been  proposed.  A  detailed  discussion  of  each  of  these  methods  is  beyond 
the  scope  of  this  paper  and  will  not  be  presented  here.  However,  it  might 
be  said  that  each  of  these  methods  were  tried  on  the  data  presented  herein 
with  satisfactory  results  in  all  cases. 

LITERATURE  CITED 

Bachman,  I. — 1940 — Ind.  Eng.  Chem.,  Anal,  Ed.,  12:  28. 

Gibbs,  J.  W. — 1876 — Trans.  Conn.  Acad.,  3:  152. 

Hand,  D.  B.— 1930— /•  Phys.  Chem.,  34:  1961. 

International  Critical  Tables — 1929 — McGraw-Hill  Book  Co.,  New  York. 
Othmer,  D.  F.,  and  Tobias,  P.  E. — 1942 — Ind.  Eng.  Chem.,  34:  693. 

Roozeboom,  B. — 1894 — Z.  Physik  Chem.,  15:  984. 

SCHREINEMAKERS,  F.  A.  H. — 1893 — Z.  Physik  Chem..,  11:  75. 

Sherwood— 1937— and  Extraction.  5th  ed.,  McGraw-Hill  Book  Co.  New 
York. 

Washburn,  Hnizda  and  Vold — 1932 — /.  Am.  Chem.  Soc.,  54:  4217. 


REFLECTION  OF  CENTIMETER  RADIO  WAVES 
FROM  GROUND  AND  WATER  SURFACES 


A.  W.  STRAITON 

Electrical  Engineering  Research  Laboratory 
The  University  of  Texas 

INTRODUCTION 

The  Electrical  Engineering  Research  Laboratory  of  The  University  of 
Texas  has  recently  undertaken  studies  of  the  propagation  of  millimeter  radio 
waves  for  the  Office  of  Naval  Research.  As  the  first  part  of  the  measure¬ 
ment  program  under  this  contract  the  reflection  characteristics  of  various 
surfaces  are  being  studied. 

This  paper  describes  measurements  made  over  a  1000  foot  path  adja¬ 
cent  to  the  laboratory  building  and  over  a  1400  foot  path  over  Lake  Austin. 
It  is  planned  to  use  these  same  techniques  for  an  overwater  path  of  similar 
length  along  the  Gulf  Coast. 

Although  the  primary  object  of  these  measurements  is  to  determine 
the  reflection  characteristic  of  millimeter  radio  waves,  the  measurements  at 
lower  frequencies  provided  an  opportunity  to  study  variations  of  the  reflec¬ 
tion  coefficient  with  frequency. 

FACTORS  AFFECTING  THE  STRENGTH  OF  REFLECTED  SIGNALS 

The  following  interdependent  factors  are  significant  in  determining  the 
strength  of  radio  signals  reflected  from  the  ground  or  water: 

a.  The  angle-of-incidence  on  the  ground 

b.  The  frequency 

c.  The  polarization 

d.  The  surface  roughness  and  dielectric  properties 

e.  The  antenna  characteristics 

f.  The  path  length 

The  first  three  of  these  factors  are  taken  as  variables  in  the  measure¬ 
ment  described  in  this  report. 

The  ground  roughness  was  not  a  variable,  as  only  a  single  path  was 
used  for  the  tests  of  this  report.  The  roughness  of  the  overwater  path 
varied  with  the  amount  of  wind  blowing  at  the  time  of  the  measurements. 

It  is  obvious  that  an  antenna  could  be  used  with  a  radiation  pattern 
narrow  enough  to  materially  reduce  the  illumination  on  the  reflecting  plane. 
This  would  mean,  of  course,  that  a  correction  would  have  to  be  applied  to 
the  apparent  reflection  coefficient  in  order  to  get  a  number  which  could  be 
called  the  reflection  coefficient  of  the  path.  Such  a  correction  would  be 
difficult  to  make  without  first  making  a  number  of  simplifying  assump¬ 
tions.  To  avoid  this  difficulty,  the  antennas  used  in  making  these  measure¬ 
ments  were  chosen  so  that  approximately  even  illumination  was  obtained 
over  a  number  of  Fresnel  Zones  of  the  reflecting  surface. 

The  path  lengths  were  chosen  so  that  grazing  angles  up  to  about  5° 
could  be  obtained  with  the  towers  abailable  and  so  that  the  effect  of  wave 
curvature  would  be  small. 
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METHOD  OF  MEASUREMENT 

The  method  used  for  obtaining  the  reflection  coefficient  was  that  of 
measuring  height-gain  curves.  For  the  overland  path,  the  transmitter  and 
receiver  were  raised  simultaneously  to  heights  of  50  feet.  The  simultaneous 
and  synchronous  movements  of  the  transmitter  and  receiver  were  chosen 
in  order  to  keep  the  center  of  reflection  at  the  same  point.  For  the  over¬ 
water  path,  only  the  receiver  was  raised,  as  there  was  little  significance  m 
keeping  the  point  of  reflection  constant. 


FIG.  1.  Transmitting  Tower. 
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From  these  data,  curves  were  drawn  through  the  maxima  and  minima 
of  the  interference  patterns.  The  reflection  coefficient  at  a  given  height 
was  taken  as  the  quotient  of  the  difference  and  the  sum  of  the  maxima  and 
minima  curves  at  that  height.  A  picture  of  the  transmitting  tower  is  shown 
in  Figure  1.  The  general  ground  coverage  is  shown  in  this  figure.  Some 
short,  dead,  grass  stalks  were  standing  and  a  sparse  matting  of  grass  stalks 
was  on  the  ground. 


Degrees 


Fig  2.  -  Antenna  Patterns  In  Vertical  Plane 
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FIG.  3-  Antennas. 


ANTENNA  CHARACTERISTICS 


The  antennas  used  in  the  measurements  were  as  follows: 


Wave  Length 
CM 

Polarization 

Angle  Between 
Halfpower  Points 

Antenna  Type 

26.5 

Horizontal 

14.4° 

40”  Parabolic  Reflector 

26.5 

Horizontal 

21.0° 

40”  Parabolic  Reflector 

9.0 

Horizontal 

o 

OO 

18”  Parabolic  Reflector 

9.0 

Horizontal 

15.2° 

18”  Parabolic  Reflector 

3.2 

Vertical 

15.8° 

4”  X  4”  Horn 

3.2 

Vertical 

18.6° 

4”  X  4”  Horn 

.86 

Vertical 

14.8° 

1”  Circular  Horn 

.86 

Vertical 

20.0° 

1”  Circular  Horn 

The  radiation  patterns  for  these  antennas  are  shown  in  Figure  2.  A 
picture  of  the  antennas  is  shown  in  Figure  3.  Identical  antennas  were  used 
at  the  two  ends  for  each  measurement. 

A  number  of  other  antennas  with  narrower  beams  were  also  tested, 
but  these  tests  contributed  little  additional  information  to  that  found  with 
the  antennas  listed  above. 
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ORIGINAL  DATA 

A  sample  of  the  original  data  for  each  frequency  is  shown  in  Figure  4 
for  overland  transmission.  No  difficulty  was  experienced  in  plotting  the 
envelope  of  the  maxima  and  minima  signals  for  the  26.5  cm  wave  length. 

The  envelope  of  maxima  and  minima  for  this  case  became  somewhat 
irregular  for  the  3.2  centimeter  measurements  and  was  very  irregular  for 
the  8.6  millimeter  measurements.  The  reflection  coefficient  was  calculated 


RECEIVER  HEIGHT  ABOVE  GROUND  —  FEET 


FIG.  4  -  SAMPLES  OF  ORIGINAL  DATA 
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—  Theoretical  Curve  For 


Fig  5.-  Reflection  Coefficient  Curves  For  Horizontal  Polarization 


Fig.  6.- Smoothed  Reflection  Coefficient  Curves  For  Horizontal  Polarization 
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Fig.  7  Smoothed  Reflection  Coefficient  Curves  For  Vertical  Polarization 

Overland 


Reflection  Coefficient  For  Horizontal  Polarization 

Fig.  8. 
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from  the  envelope  in  each  case,  giving  the  irregular  curves  shown  in  Figure 
5.  A  smooth  curve  was  drawn  through  each  of  these  curves  and  was  used 
for  the  comparisons  of  the  next  section. 

COMPARISON  OF  REFLECTION  COEFFICIENT  CURVES 

Overland.  A  set  of  reflection  coefficient  curves  using  the  antennas  de¬ 
scribed  in  the  preceding  paragraph  and  radiating  a  horizontally  polarized 
signal  is  shown  in  Figure  6.  A  set  for  the  same  antennas  with  vertical  polari¬ 
zation  is  shown  in  Figure  7.  The  reflection  coefficient  curve  for  an  infinite 
smooth  plane  with  a  dielectric  constant  of  4  is  shown  in  each  case  for  com¬ 
parison.  This  curve  is  approximately  the  same  for  all  frequencies  used. 

From  these  curves,  it  is  evident  that  the  reflection  coefficient  decreases 
appreciably  as  the  frequency  is  increased,  becoming  very  small  for  8.6 
millimeters.  The  three  lowest  frequency  curves  apparently  approach  unity 
as  the  grazing  angle  approaches  zero.  It  is  difficult  to  extrapolate  the  re¬ 
flection  coefficient  curves  for  the  8.6  millimeter  waves  to  zero  grazing  angle 
as  the  reflection  coefficient  is  changing  rapidly  in  this  region. 

The  reflection  coefficient  for  vertical  polarization  is  in  general  less 
than  that  for  horizontal  polarization. 

Overwater.  The  overwater  tests  were  made  on  four  days  during  which 
the  wind  varied  in  speed  from  4  to  20  miles  per  hour.  The  10  centimeter 
measurements  were  made  on  the  roughest  day  during  which  the  waves  on 
the  lake  were  approximately  6  inches  in  amplitude.  The  reflection  charac¬ 
teristic  were  those  of  specular  reflection  with  reflection  coefficients  near 
the  theoretical  values.  The  three  centimeter  measurements  made  on  the  two 
roughest  days  also  showed  characteristics  of  specular  reflection. 


Reflection  Coefficient  For  Vertical  Polarization 

Fig.  9. 
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The  8.6  millimeter  signal  showed  specular  reflection  on  the  smoothest 
day  but  showed  characteristics  of  diffuse  reflection  increasing  with  rough¬ 
ness.  The  time  variations  on  the  roughest  day  were  approximately  10  db 
and  considerable  averaging  had  to  be  done  to  obtain  the  reflection  coeffici¬ 
ent  curves. 

The  curve  for  reflection  coefficients  for  horizontal  polarization  are 
shown  in  Figure  8  and  for  vertical  polarization  in  Figure  9.  The  measured 
curves  are  compared  with  theoretical  curves  calculated  for  a  dielectric  con¬ 
stant  of  8 1. 


CONCLUSIONS 

Overland.  The  reflection  coefficient  for  8.6  millimeters  for  the  field  test 
did  not  exceed  0.4  and  dropped  to  less  than  0.1  at  angles  of  grazing  above 
2.5  degrees. 

The  reflection  coefficient  increased  with  wave  length  and  approached 
the  theoretical  curve  at  a  wave  length  of  26.5  cm. 

The  envelopes  of  maxima  and  minima  of  the  height-gain  curves  and 
the  resulting  reflection  coefficient  curves  were  very  regular  for  26.5  and 
9.0  cm  wave  lengths,  but  became  somewhat  irregular  at  3.2  cm  and  were 
very  irregular  at  8.6  millimeters.  Thus  it  would  appear,  for  the  path  used, 
that  the  surface  was  smooth  at  26.5  cm  and  rough  at  8.6  millimeters. 

Overwater.  The  10  and  3.2  centimeter  waves  showed  specular  reflection 
characteristics  even  for  the  roughest  water  conditions. 

The  8.6  millimeter  waves  showed  specular  reflection  characteristics 
for  the  calm  day  but  were  effected  by  the  roughness  caused  by  even  small 
winds. 


THE  ADSORPTION  OF  SURFACE-ACTIVE  REAGENTS  DURING 
FLOW  THROUGH  POROUS  MEDIA 


TURGUT  Y.  GULEZ  AND  HARRY  H.  POWER 
The  University  of  Texas 

During  the  past  two  decades  great  progress  has  been  made  in  the  de¬ 
velopment  of  techniques  for  improving  the  efficiency  of  oil  recovery. U]  Qf 
great  importance  is  the  well-established  system  of  flooding  in  which  water 
is  injected  under  pressure  into  oil-bearing  formations  by  means  of  injection 
wells,  generally  ringed  around  a  production  well.  These  formations  are  fine¬ 
grained,  tightly  packed  sands,  which  contain  residual  oil  remaining  after 
the  primary  phase  of  production  has  been  completed.  The  mechanics  of  the 
flood  involve  the  formation  of  an  oil  bank  ahead  of  the  advancing  water 
and  its  removal  through  a  producing  well,  which  results  in  a  reduction  of 
the  oil  saturation  to  values  ranging  from  twenty  to  thirty  percent  of  the 
total  pore  volume  for  the  most  favorable  primary  and  secondary  recovery 
mechanisms. 

It  would  seem  obvious  that  some  form  of  chemical  treatment  that 
will  affect  the  displacement  of  oil  from  porous  rocks  in  connection  with 
conventional  fluid  injection  operations  should  prove  to  be  attractive  for  the 
profitable  recovery  of  increased  quantities  of  oil.  It  has  been  known  for 
some  time  that  certain  cationic  and  non-ionic  chemicals,  particularly  those 
possessing  the  property  of  reducing  the  surface  tension  of  water  at  low 
concentrations,  will  increase  the  recovery  of  oil  in  water  flooding  operations. 
These  compounds  are  referred  to  frequently  as  ^'surface  active”  because 
of  their  behavior  at  a  liquid  surface.  When  they  are  mixed  with  water,  their 
molecules  exhibit  the  unique  tendency  of  collecting  at  the  contact  between 
the  liquid  and  a  solid  or  between  the  liquid  and  a  gas.  Thus,  when  the 
normal  surface  of  water  molecules  is  replaced  by  totally  different  groups  of 
atoms,  a  radical  change  is  effected  in  the  physical  relation  between  the 
water  and  other  substances  with  which  it  may  be  in  contact. D] 

Although  surface  active  chemicals  have  been  effective  in  the  artificial 
control  of  the  interfacial  tension  between  water  and  oil,  they  have  so  far 
failed  economically  in  practical  applications  for  the  reason  that  the  more 
effective  the  compound  the  greater  the  tendency  for  it  to  be  adsorbed  on 
the  solid  surfaces.  The  advancing  water  front  becomes  depleted  of  these 
reagents  before  any  beneficial  effects  can  be  realized,  and  the  cost  of  the 
chemical  required  is  entirely  out  of  proportion  to  the  value  of  the  additional 
oil  recovered.  Chemicals  which  are  not  so  adsorbed  on  the  sand  surfaces 
may  not  suffer  a  loss  in  concentration  as  they  are  carried  by  the  reservoir 
fluids,  either  water,  oil,  or  both,  from  the  injection  well  outwards  in  the 
direction  of  the  producing  wells.  This  latter  class  of  surface-active  chemi¬ 
cals  is  of  particular  interest  in  the  current  experiments  which  have  been 
designed  to  determine  their  loss  in  concentration,  if  any,  with  increased  con¬ 
tact  as  they  flow  in  porous  media  to  meet  fresh  sand  surfaces. 

A  brief  description  of  the  various  surface-active  chemicals  and  their 
properties  will  afford  a  better  understanding  of  their  effectiveness  in  the 
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FIG.  2 


FIG.  3 
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reduction  of  surface  and  interfacial  tensions  and  hence  the  recovery  of  addi¬ 
tional  quantities  of  oil  from  porous  media. 

SURFACE-ACTIVE  REAGENTS 

Certain  solutes  in  low  concentrations  have  the  property  of  lowering 
the  surface  energy  of  their  solvents  to  a  marked  degree  and  have  been  classi¬ 
fied  as  surface  active  reagents.  Soap  is  one  of  the  best  known  and  oldest  of 
these  materials.  Surface  activity  has  been  studied  most  extensively  in  aque¬ 
ous  systems.  However,  it  can  also  be  demonstrated  in  non-aqueous  solutions. 
For  example,  oleic  acid  is  distinctly  surface  active  when  dissolved  in  hydro¬ 
carbon  oils.  Many  other  oil-soluble  substances  not  soluble  in  water  are 

known. 

Surface  active  agents  may  be  classified  on  the  basis  of  the  uses  to 
which  they  are  selected,  on  the  basis  of  physical  properties  such  as  solubil¬ 
ity  in  water  or  oil,  and  on  the  basis  of  chemical  structure.  With  reference 
to  chemical  structure,  the  surface  active  reagents  have  been  arranged  for 
the  most  part  according  to  the  manners  in  which  the  hydrophilic  and 
hydrophobic  groups  are  joined,  that  is,  directly  or  indirectly.  If  they  are 
joined  indirectly,  the  nature  of  the  linkage  is  also  of  importance. 

Many  surface  active  reagents  have  a  characteristic  linear  molecular 
structure,  somewhat  longer  than  wide.  The  radicals  which  compose  one 
end  of  the  linear  structure  are  compatible  with  the  solvent,  whereas  the 
radicals  which  compose  the  opposiite  end  are  incompatible  with  the  solvent 
system.  A  hydrocarbon  radical  of  hydrophobic  nature  which  is  character¬ 
ized  by  weak  residual  valence  forces  usually  comprises  one  end,  while  the 
other  end  of  hydrophilic  nature  is  provided  with  strong  residual  or  second¬ 
ary  valence  forces. Surface  active  reagents  so  characterized  are  of  pri¬ 
mary  concern  in  the  experimental  work  described  herein. 

Chemically,  two  principal  classes  of  surface  active  agents  are  of  inter¬ 
est.  A  class  of  increasing  importance,  the  non-ionic,  has  non-ionizable  end 
groups  of  high  affinity,  which  usually  include  oxygen,  nitrogen,  or  sulfur 
atoms.  Although  this  class  is  important  primarily  in  non-aqueous  systems, 
a  number  of  them  have  been  used  successfully  in  aqueous  systems  as  emul¬ 
sifiers  and  also  as  straight  detergents. 

There  are  two  main  divisions  of  the  ionogenic  class  of  surface  active 
agents.  The  mblecule  is  known  as  anion  active  or  simply  anionic  if  the 
elongated  portion  with  low  affinity  is  included  in  the  anion  in  aqueous 
solution.  A  typical  anionic  surface  active  agent  is  sodium  stearate,  which 
ionizes  in  the  solution  to  form  Na+  and  the  long  chain  stearate  anion, 
CitHssCOO",  which  is  considered  to  be  responsible  for  the  surface  activity. 
Cetylpyridinium  chloride  is  an  example  of  a  cation  or  cationic  surface  active 
agent  which  forms  a  cation  containing  the  elongated  low-affinity  portion 
of  the  molecule. 

Other  examples  of  cationic  surface  active  reagents  are  the  water  soluble 
salts  of  fatty  amines,  and  high  molecular  weight  quaternary  ammonium 
salts.  Cationic  compounds  retain  their  surface  activity  when  other  cationic 
or  non-ionic  surface  active  agents  are  present.  However,  their  activity  is 
impaired  by  anion-active  agents  or  certain  inorganic  anions  with  which 
combination  takes  place  to  form  compounds  of  lower  water  solubility. 
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Table  1 

PROPERTIES  OF  SURFACE  ACTIVE  CHEMICALS 


NO. 

TRADE 

NAME 

CHEMICAL 

NAME 

CHEMICAL  MOLECULAR 

FORMULA  WEIGHT 

Solubility 

Hydrocarbons  Water 

Non-Ionics 

1 

Ethomeen  S/25 

Tertiary  soya  amine 
(reacted  with  15  moles 
ethylene  oxide) 

/(Cl^CH^O^H 

R-N 

'^(CH2CH20^H 

934 

No 

Yes 

Z 

Ethomid  HT/60 

N-substituted  hydro¬ 
genated  tallow 
amide  (reacted  with  50 
moles  ethylene  oxide) 

H  /(CI^CH20)^H 
R-C-N 

'^(CH2CH20:^H 

2476 

No 

Yes 

3 

Ethomid  HT/15 

N-substituted  hydro 
genated  tallow 
amide  (reacted  with  5 
moles  ethylene  oxide) 

R-C-N 

''(CHzCH^kH 

496 

Slight 

Sparingly 

4 

Ethotat  242-60 

Tall,  Oil  tatty  acid 
(reacted  with  50 
moles  ethylene  oxide) 

R-C-0-(CH2f.H20)j^H 

2448 

No 

Yes 

Cationic  s 

5 

Armac  SD 

Soya  amine  acetate 

RNH2  RCOOH 

334 

Yes 

Yes 

6 

Arguad  S 

Soya  trimethyl 
ammonium  chloride 

cjq 

R  -  N  CH3CI 

346 

No 

Yes 

CHj 

7 

Arguad  2C 

Dicoco -dimethyl 
ammonium  chloride 

448 

Yes 

Up  to 

100  ppm 

R  CH3CI 


Non-ionic  surface  active  reagents  do  not  ionize.  They  are  water  sol¬ 
uble  to  unionized  polar  groups  such  as  hydroxyl  and  other  linkages,  and 
have  the  advantage  of  being  compatible  with  cationics,  anionics,  other  non¬ 
ionics  and  with  most  of  the  inorganic  ions. 

CHEMISTRY  OF  SURFACE  ACTIVE  REAGENTS  USED  IN  INVESTIGATION 

The  various  surface  active  chemicals  used  in  these  experiments  arc 
products  of  the  Armour  Chemical  Division  and  will  be  described 

"Arquads”  is  the  trade-name  given  to  a  series  of  quaternaries,  members 
of  which  vary  in  length  and  number  of  long-chain  alkyl  groups  attached 
to  the  nitrogen  atom  (Table  IV).  The  following  general  formulae  are 
characteristic  of  the  series: 


['  CH3 

1 

+ 

— 

r  CH3 

1 

-b 

R-N  -  CH3 

Cl 

or 

R-N  -  CH3 

1 

Cl 

1 

.  CH3 

1 

R 

Alkyl  Trimethyl  Ammonium  Dialkyl  Dimethyl  Ammonium 

Chloride  Chloride 

The  "R”  group  represents  a  long  chain  hydrocarbon  derivative  of  a  fatty 
acid. 

The  alkyl  quaternaries  are  water  dispersible,  while  the  dialkyl  quateraries 
are  soluble  in  most  hydrcarbons  and  other  organic  solvents.  All  compounds 
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are  compatible  with  anionic  materials  such  as  soaps  or  other  common  anionic 
surface  active  agents.  They  are  stable  at  both  high  and  low  pH  values  and 
also  stable  in  the  presence  of  most  water-soluble  salts. 

The  so-called  "Ethomeens”  vary  in  cationic  tendency  from  strong  to 
almost  non-ionic  type  and  are  stable  to  hydrolysis  in  all  concentrations  of 
acids  and  bases.  They  are  tertiary  amines  where  one  fatty  alkyl  group  and 
two  polyoxyethylene  groups  are  substituted  on  the  nitrogen. 

The  non-ionic  "Ethomids”  are  fatty  acid  amides  with  polyoxyethylene 
groups  substituted  on  the  nitrogen  atom.  They  are  neutral  chemically  and 
rather  unreactive. 

The  "Ethofats”,  non-ionic,  are  mono-fatty  or  resin-acid  esters  of  poly¬ 
ethylene  glycols. 

Table  1  shows  the  principal  characterizing  features  of  the  surface  active 
chemicals  used  in  this  investigation. 

EXPERIMENTAL  APPARATUS 

In  order  to  study  the  effect  of  surface  active  chemicals  on  sand  surfaces 
as  they  flow  through  porous  media,  apparatus  was  designed  as  shown  in  Figure 
1.  The  experimental  flow  system  consists  of  a  1- Vs -inch  inside  diameter  Incite 
tube,  ^Yz  feet  long,  and  provided  with  screw  caps  on  both  ends.  The  tube 
is  divided  into  six  sections,  the  two  end  sections  each  6^  inches  long  and 
the  four  internal  sections  each  8  inches  long.  Two  manometers  are  connected 
on  the  end  sections  in  order  to  determine  the  pressure  drop  through  the  sand 
column.  A  Incite  tube  8  feet  long  and  1-%-inches  inside  diameter  is  used  as 
a  constant  pressure  displacement  reservoir  whereby  nitrogen  pressure  is 
exerted  from  above  to  displace  the  aqueous  solution  of  the  various  chemicals. 
The  rate  of  flow  is  regulated  with  a  needle  valve  installed  on  the  outlet  of 
the  tube.  A  vacuum  pump  connected  to  the  top  of  the  tube  serves  to  suck 
the  solution  from  the  containing  bottle  into  the  displacement  reservoir  to 
the  desired  level. 

A  wet  test  meter  is  placed  at  the  outlet  of  the  sand  packed  tube  to 
measure  the  rate  of  flow  of  gas  through  the  sand  column  in  the  determina¬ 
tion  of  its  overall  permeability. 

The  exit  line  from  the  sand  packed  tube  is  connected  to  a  graduated 
separator  and  from  there  joined  to  a  back  pressure  control  tank  equipped 
with  pressure  guage  and  control  valve  for  venting  the  gas  (nitrogen). 
Various  views  of  the  apparatus  are  shown  in  Figures  2  and  3. 

PROCEDURE 

A  four  and  one-half  foot  Incite  tube  was  packed  with  clean  Ottawa 
sand  which  had  the  following  typical  chemical  analysis  and  size  distribution: 
See  Chemical  Analysis,  page  94. 

In  order  that  repeated  tests  could  be  made  utilizing  sand  columns  of 
similar  porosity  and  permeability,  a  procedure  for  packing  the  column  was 
outlined  and  followed.  It  was  found  that  a  minimum  porosity  of  40  per 
cent  could  be  obtained,  and  that  no  decrease  in  porosity  was  possible  by 
filling  the  column  at  rates  less  than  one  inch  per  minute  with  horizontal 
vibration. 

After  the  sand  column  was  packed,  the  chemical  solution  of  desired 
initial  concentration  was  prepared  and  brought  up  to  the  desired  level  in 
the  constant  pressure  displacement  reservoir  by  use  of  a  vacuum  pump. 
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Chemical  Analysis  (12) 


Silicon  dioxide  (Si02) 

99.65  % 

Iron  oxide  (Fe203) 

0.022 

Aluminum  oxide  (ADOy) 

Titanium  dioxide  (TiO“) 

0.19 

0.017 

Calcium  oxide  (CaO) 

0.02 

Magnesium  oride  (MgO)  trace 

Loss  on  ignition 

0.04 

99.939% 

Size  Distribution 

U.  S.  Standard  Sieve  Size 

Weight  Per  Cent 

35 

78.7 

45 

19.62 

60 

1.42 

100 

0.26 

100.00 

Nitrogen  under  pressure  was  flowed  through  pyrogallol  and  66  Baume 
Sulphuric  acid  for  purification  and  then  introduced  at  the  bottom  of  the 
column  and  the  sand  therein  flushed  with  ten  pore  volumes  through  the 
separator  and  the  gas  control  chamber.  The  permeability  of  the  column  was 
calculated  from  data  obtained  by  flowing  nitrogen  through  the  column, 
the  rate  of  flow  being  determined  with  a  wet  test  meter  connected  to  the 
outlet  of  the  tube.  The  pressure  drop  through  the  sand  column  was  deter¬ 
mined  with  two  manometers  connected  to  the  inlet  and  outlet  respectively. 

The  chemical  solution  of  known  initial  concentration  was  displaced  at 
a  constant  rate  in  the  sand  packed  tube  by  exerting  pressure  on  top  of  it 
and  regulating  the  needle  valve  on  the  bottom  of  the  displacement  pump. 
A  flowrator  was  connected  to  the  flow  line  between  the  constant  displace¬ 
ment  pump  and  the  sand  packed  column  to  maintain  a  constant  rate  of 
solution  flow.  The  permeabilities  to  gas  and  for  each  chemical  solution  are 
shown  in  Table  II.  No  material  differences  are  noticed  in  the  permeabilities 
to  distilled  water  and  the  various  chemical  solutions. 

When  the  solution-nitrogen  interface  was  moved  to  a  position  opposite 
the  first  port,  a  sample  of  the  solution  was  removed  and  the  surface  tension 
determined  by  the  Du  Nuoy  tensiometer,  and  the  concentration  interpolated 
from  Figure  18. 

The  above  procedure  was  repeated  when  the  solution-nitrogen  interface 
reached  the  second  port  and  for  all  subsequent  port  positions  in  their  pro¬ 
gressive  order  up  the  column.  Data  was  obtained  for  concentrations  of  100 
ppm  of  the  following  compounds: 


A.  Non-ionics 

1.  Ethomeen  S/2  5 

2.  Ethomid  HT/60 

3.  Ethomid  HT/ 1  5 

4.  Ethofat  242-60 


B.  Cationics 

1 .  Armac  SD 

2.  Arquad  S 

3.  Arquad  2C 
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The  results  obtained  for  water  alone  and  also  for  each  chemical  were 
plotted  as  surface  tension  versus  distance  from  inlet  of  the  sand  column  as 
shown  in  Table  III  and  in  Figure  8  and  succeeding  figures.  Referring  to 
Figure  18,  it  will  be  seen  that  surface  tension  is  an  inverse  function  of  con¬ 
centration.  This  inverse  relationship  must  be  kept  in  mind  in  the  interpreta¬ 
tion  of  Figure  8  and  succeeding  graphs.  Figures  16  and  17  show  the  effect 
of  time  on  surface  tension  of  a  typical  cationic  and  a  typical  non-ionic 
chemical  solution.  See  also  Tables  V  and  VI. 

These  experiments  show  that  the  effect  of  non-ionic  surface  active  com¬ 
pounds  should  be  distinguished  clearly  from  the  generally  unsatisfactory 
experience  which  has  resulted  from  the  use  of  cationic  compounds  which 
tend  to  become  adsorbed  quickly  on  the  sand  surfaces.  The  non-ionic  com¬ 
pounds  have  maintained  their  surface  active  properties  after  long  periods 
of  contact  with  sand. 

It  has  been  shown  that  Ethomid  HT-60  at  a  concentration  of  100  ppm 
and  10  ppm  in  contact  with  a  sand  column  4^2  feet  long  lost  comparatively 
little  by  adsorption.  Other  surface-active  agents  were  lost  quite  rapidly  by 
adsorption  onto  the  sand  surface.  The  performance  for  Ethomid  HT-60  has 
been  confirmed  by  a  California  producing  company  recently  by  means  of 
flooding  tests  on  large  cores.  They  were  able  to  reduce  the  oil  content  of 
the  core  to  a  residual  saturation  of  10  per  cent  by  flooding  with  a  10  ppm 
concentration  of  this  chemical  in  water  solution, 

Fro  mthe  data  plotted  it  is  seen  that  some  surface  tension  readings 
increased  to  a  maximum  after  which  lower  values  were  attained.  This  phe¬ 
nomenon  can  possibly  be  explained  by  the  by-passing  of  the  solution  in  the 
hand-packed  sand  column. 
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Artificial  control  of  interfacial  tension  between  water  and  oil  by  the 
use  of  surface  tension  depressants  has,  so  far,  failed  in  practical  application 
because  the  more  effective  the  surface  active  compound,  the  greater  is  the 
tendency  for  it  to  be  adsorbed  on  the  solid  surface.  The  advancing  water 
front,  therefore,  is  depleted  of  these  reagents  before  any  beneficial  effects 
can  be  realized. 

Of  new  interest,  however,  is  the  group  which  does  not  have  the  ten¬ 
dency  to  become  adsorbed  on  the  sand  surfaces.  Further  research  may  reveal 
that  this  group  may  become  of  great  importance,  economically,  in  the 
increase  of  recovery  of  petroleum  from  reservoirs  beyond  the  yields  normally 
expected  from  primary  and  secondary  recovery  operations. 
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BOUNDARY  CONDITIONS  IN  THE  FOURIER 
INTEGRAL  FORMULATION 


W.  F.  HELWIG 
The  University  of  Texas 

In  the  theoretical  analysis  of  electrical  and  mechanical  systems,  the 
first  step  confronting  the  investigator  is  the  formulation  of  a  mathematical 
expression  relating  the  interaction  of  the  various  elements  under  the  appli¬ 
cation  of  imposed  forces.  Fortunately,  due  to  the  discoveries  of  Messrs. 
Newton  and  Kirchhoff,  a  set  of  rules  is  available  which,  for  simple  systems 
at  least,  outlines  methods  of  procedure  that  are  relatively  easy  to  apply  and 
result  in  reasonably  accurate  expressions  in  the  form  of  differential  equations. 

The  next  step,  which  is  the  solution  of  the  differential  equation,  is  not 
quite  so  simple  and  requires  not  only  a  knowledge  of  this  branch  of  mathe¬ 
matics,  but  in  addition  calls  for  an  understanding  of  the  physical  reactions  of 
circuit  elements  at  the  outset  of  the  analysis.  These  are  called  "initial  condi¬ 
tions”  of  the  problems  and  frequently  are  the  most  troublesome  details 
involved.  In  fact,  under  some  circumstances,  the  initial  conditions  cannot 
be  arrived  at  from  elementary  principles. 

Toward  the  end  of  the  last  century,  Oliver  Heaviside  of  England  pro¬ 
posed  for  circuit  problems  a  method  of  solution  in  which  initial  conditions 
were  automatically  accounted  for  by  formulating  the  problem  on  the  basis 
of  zero  energy  conditions  at  time  t  equals  zero.  By  this  means  he  was  able 
to  solve  many  practical  problems  which  had  previously  defied  solution.  His 
method  was  really  an  extension  of  the  old  D  operator  of  linear  differential 
equations  so  modified  as  to  eliminate  the  necessity  of  evaluating  the  constant 
coefficients  in  the  final  solution.  Employing  this  method  purely  as  a  means 
to  an  end,  he  was  not  interested  in  mathematical  rigor  and  consequently 
gave  no  formal  proofs  for  his  formulation.  For  many  years  his  "experi¬ 
mental  methods”  were  regarded  with  some  contempt  by  the  pure  mathe¬ 
maticians  of  his  time  and  were  ignored. 

The  practical  success  of  his  methods,  however,  finally  focussed  attention 
on  his  work,  and  mathematicians  became  interested  in  its  application.  Many 
of  his  developments  were  placed  on  a  much  sounder  footing  and  a  fairly 
workable  set  of  rules  was  devised.  This  operational  method,  although  in  many 
ways  more  convenient  than  the  classical  methods  of  differential  equations, 
had  nevertheless  at  least  two  serious  drawbacks:  the  limitation  on  the  initial 
energy  conditions  and  the  absence  of  a  direct  method  for  getting  the  opera¬ 
tional  forms. 

In  spite  of  these  objections,  however,  the  usefulness  of  this  type  of 
approach  became  evident  and  an  operational  method  based  upon  more  rigorous 
principles  was  in  high  demand.  The  methods  of  Fourier  were  found  to  satisfy 
these  requirements  and  are  peculiarly  adapted  to  the  analysis  of  oscillating 
systems.  Briefly,  the  method  requires  that  an  operational  function  be  found 
in  which  the  driving  force  is  expressed  in  terms  of  a  frequency  spectrum. 
Each  increment  of  frequency  is  then  applied  to  the  system  impedance,  which 
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is  expressed  in  simple  alternating-current  terms.  The  components  of  system 
response  are  then  combined  by  means  of  an  infinite  bilateral  integral,  giving 
the  complete  required  solution  of  the  problem. 

Theoretically,  the  scheme  appears  to  have  all  the  requirements  for  a 
useful  operational  method,  but  practically  some  difficulties  arise.  The  pro¬ 
cedure  outlined  above  makes  no  provision  for  initial  energy  conditions,  and 
the  integration  of  the  operational  transform  along  the  entire  real  axis  presents 
a  formidable  task.  The  latter  troublesome  feature  is  overcome  to  a  great 
extent  by  resorting  to  a  table  of  transforms,  now  available,  which  intreprets 
many  operational  forms.  Theorems  on  the  combining  of  transforms  take 
care  of  other  cases  which  may  arise. 

The  handling  of  initial  (boundary)  conditions  is  the  subject  of  this 
paper,  which  will  endeavor  to  show  how  the  superposition  theorem  may  be 
employed  in  this  connection.  If  the  Fourier  unilateral  integral  is  provided 
with  a  convergence  factor,  the  operator  becomes  complex  and  the  direct 
transform  is  represented  by  the  Laplace  integral  as  shown  below. 

3’(oj)^Lim  (i) 

As  an  example,  let  us  consider  a  simple  R-L-C  circuit,  as  in  Figure  1 : 


Fig.l 

Here  we  have  all  three  of  the  alternating-current  impedance  elements  repre¬ 
sented  and  the  circuit  is  assumed  to  have  both  an  initial  current  flowing 
and  a  charge  on  the  capacitor.  The  Kirchhoff  equation  of  potential  drops  is 

=  V(t)  (2) 

An  approach  will  be  made  through  the  use  of  the  Laplace  transform. 
Employing  the  Laplace  method,  we  solve  for  the  required  transforms 

F(5)=’ j.crvJ  d-l) 

d.n) 

O 

from  which  we  get 

«  sr(s)-f(0)  0.2} 

O 

Similarly,  a  different  integration  by  parts  gives 

F'cs)  C  * dt  c  1 .  1  2  ] 

from  which 
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Applying  these  conversions  to  our  example^ 

«r  (zi) 

-  \/(s)  C2.i;i 


so 


JC^) 


VCs}  -I-  ^  LL 


(2.5) 


^  Ls  *  */^5 

The  above  transform  suggests  that  the  final  current  is  composed  of 
three  separate  components:  one  due  to  the  impressed  driving  force,  one  due 
to  the  initial  capacitor  voltage  and  one  due  to  the  existing  current. 

Employing  the  limiting  form  of  the  integral  where  oc  cj,  the  method 
is  directly  applicable  to  the  Fourier  transformation,  and  the  existent  initial 
conditions  may  be  handled  as  additional  sources. 

A  mechanical  analogy  may  serve  to  illustrate  the  method  more  clearly. 
The  corresponding  mechanical  system  is  shown  below  in  Figure  2. 


Ffrj 


K 

n 

tp 


K  is  the  spring  constant 
Rni  is  mechanical  resistance 
M  is  mass 


2 


Here 


n  ii-  W  ^  Rx  -  Fct)  (3) 


which  may  be  written,  where  Wt 

diJ’  f 

n  w  ^  R^v  K jvdt  =  ha)  (3./) 

If  we  suppose  the  mass  has  an  initial  velocity  Vq  then  the  kinetic  energy 
available  due  to  the  moving  mass  at  time  t  —  o,  is 
Differentiating,  we  obtain 

=  tiv  M 

If  we  call  this  a  driving  force  Fj,  then  in  general 


{¥.!) 

So  Mvq  may  be  regarded  as  an  impulse. 

From  equation  1.13,  the  initial  spring  deflection  is  represented  by  the 
transform  J"  /a)df 

which  here  becomes 

The  analysis  of  complex  networks  of  several  meshes  may  then  be  written 
from  elementary  alternating-current  theory  as 

Mt, +  + 

and  so  forth. 


Ea 
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We  would  get  for  a  third-order  system 


E. 

E, 


lAZl 


1^21 


1 2,.  2^.1 
—  I  2,,_ 

I^Zl 


(E2) 


Here  |  AZ  |  represents  the  determinant  of  the  system  characteristic  and  Ei 
represents  the  transform  of  the  total  driving  formes  including  initial  currents 
or  voltages  (i.e.,  boundary  conditions). 

Operationally,  a  capacitance  voltage  does  not  differ  from  a  step  voltage 
and  the  initial  current  appears  as  an  impuse  function. 
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THORSTEIN  VEBLEN  AND  PRIMITIVE  SOCIETY 


MURRAY  E.  POLAKOFF 
The  University  of  Texas 

All  of  Thorstein  Veblen’s  social  philosophy  and  study  of  cultural  growth 
and  evolution,  as  well  as  his  conception  of  human  nature,  is  marked  by  a 
sharp  dualism.  This  dualism  can  be  accurately  subsumed  under  the  twin 
concepts  of  "industry”  and  "business.”  An  explanation  of  these  concepts 
is  in  order  if  we  are  to  understand  and  appreciate  the  genius  of  Veblen,  as 
well  as  make  use  of  these  distinctions  in  the  study  of  primitive  institutions 
and  cultures. 


NATURE  OF  INDUSTRY 

Veblen  finds  rooted  in  human  nature  a  workmanlike  disposition  to  find 
merit  in  any  work  that  serves  the  common  good.  This  instinct  of  workman¬ 
ship  is  a  universal  property  and  finds  expression  in  an  abhorrence  of  waste 
and  futility.  The  making  of  material  goods  in  terms  of  this  instinct  is  not 
physically  or  spiritually  repulsive.  On  the  contrary,  pleasure  is  derived  from 
such  endeavors,  the  ends  of  which  are  the  common  good. 

On  the  basis  of  this  instinct  psychology,  Veblen  proceeds  to  construct 
an  evolutionary  sequence  of  cultural  growth.  The  stages  through  which 
mankind  and  its  institutions  have  passed  are  divided  into  four  phases:  the 
Golden  Age  of  Savagery,  the  Predatory  Barbarian  Economy,  the  Fiandicraft 
Economy  and,  finally,  the  age  of  the  Machine  Technology.  Veblen  remarks 
in  his  Theory  of  the  Leisure  Class  that  the  evidence  for  his  hypothesis  is  "in 
great  part  drawn  from  psychology  rather  than  from  ethnology,”  and  a  par¬ 
ticularly  astute  student  of  Veblen  feels  that  Veblen’s  stages  or  sequences 
are  merely  methodological  fictions  used  by  the  latter  to  throw  into  relief 
the  values  of  a  pecuniary  and  business  culture.  (Dorfman,  1929,  p.  510) 
Be  that  as  it  may,  this  paper  is  concerned  with  discovering  the  degree  of 
validity  which  Veblen’s  constructs  have  when  applied  to  a  study  of  primi¬ 
tive  cultures  and  their  functionings. 

Veblen  states  that  in  "Savage”  culture,  the  instinct  of  workmanship 
works  itself  out  fully  without  interference  from  or  conflict  with  those 
traits  to  be  described  under  the  term  "business.”  It  is  important,  therefore, 
to  follow  Veblen  in  his  description  of  such  a  culture— -real  or  imaginary — 
and  to  discover  those  traits  of  human  nature  which  such  a  culture  fosters. 

In  such  a  society  there  is  no  leisure  class,  i.e.,  a  group  which  does  not 
perform  useful  (industrial,  material)  work.  There  seems  to  be  an  almost 
complete  absence  of  private  property,  and  the  people  are  peaceable  and 
guileless.  Force  and  fraud  are  relatively  unknown,  and  no  invidious  distinc¬ 
tions  are  drawn  in  terms  of  rank  or  success.  The  whole  leisure  class  ap¬ 
paratus:  priestly  cult,  warrior  caste,  inheritors  of  political  power,  hierarchical 
ranks  and  designations  of  status— these  are  notable  by  their  near  or  com¬ 
plete  absence.  The  economy  is  a  subsistence  economy  which  leaves  little 
room  for  anything  but  the  closest  attention  to  the  production  of  material 
goods. 
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Carried  into  our  culture,  this  instinct  of  workmanship  manifests  itself 
in  the  production  of  material  goods  and  the  development  of  the  state  of 
the  industrial  arts  and  of  science.  For  in  the  remaking  and  transforming 
of  inert  matter  into  serviceable  commodities,  matter-of-fact  habits  are  de¬ 
veloped  and  fostered,  and  this  "^cultural  incidence  of  the  machine  process” 
results  in  cause-and-effect  explanation  of  all  phenomena,  natural  and  human. 
The  result  is  the  scientific  attitude  and  the  growth  of  technological  inven¬ 
tions.  The  class  most  in  contact  with  this  process  in  modern  civilization  is 
that  group  composed  of  scientists,  engineers,  technicians,  etc.,  and  it  is  to 
this  group  that  Veblen  makes  his  appeal.  This  class  is  interested  in  the  fur¬ 
ther  development  of  technology  and  in  the  making  of  more  and  more  service¬ 
able  articles  for  the  community  as  a  whole. 

NATURE  OF  BUSINESS 

The  antithesis  of  Veblen’s  "industry”  is  to  be  found  in  his  description 
of  "business.”  The  latter,  like  workmanship,  is  an  instinctive  disposition 
and  consists  of  a  powerful  desire  to  admire  and  defer  to  persons  of  achieve¬ 
ment  and  distinction.  The  distinction  which  is  admired  and  deferred  to  may 
often  be  nothing  more  to  the  point  than  a  conventional  investiture  of  rank 
attained  by  the  routine  of  descent  as,  for  example,  a  king,  or  by  the  rou¬ 
tine  of  seniority  as,  for  example,  a  prelate.  Thus,  there  is  a  dualism  in  hu¬ 
man  nature  itself  which  finds  expression  in  all  stages  of  human  civilization. 
The  instinct  of  workmanship  and  the  propensity  to  emulation  are  incom¬ 
patible  for  Veblen  and  yet  both  are  part  of  man’s  innate  heritage.  Both  are 
to  be  found  in  any  stage  of  human  evolution,  though  in  any  particular 
culture  one  is  more  prominent  than  the  other.  Habituation  to  one  or  the 
other  is  the  stuff  of  human  institutions,  and  since  Veblen  finds  the  emula- 
tory  propensity  to  be  the  dominant  one  in  all  institutions  since  the  Golden 
Age  of  Savagery,  to  that  extent  "industry”  has  been  overshadowed  by 
"business.”  The  source  of  social  conflict  lies  in  the  adjustment  of  institu¬ 
tions  to  the  technological  and  economic  base  of  society.  Since  technology 
is  cumulative  and  continuous  and,  for  Veblen,  the  touchstone  of  all  value, 
institutions  which  do  not  adapt  themselves  to  these  changes  are  backward 
and  reactionary  and  to  that  extent  hinder  the  development  of  these  forces. 
The  origin  of  "business”  institutions  and  the  victory  of  the  emulatory 
propensity  is  to  be  found  in  his  analysis  of  the  Predatory  Barbarian  stage 
of  cultural  evolution. 

This  stage  is  marked  by  an  economy  in  which  a  surplus  over  subsist¬ 
ence  is  produced  which  allows  for  a  sizeable  group  of  the  population  to  di¬ 
vorce  itself  from  the  main  occupation  of  producing  serviceable  goods  for 
the  whole  community.  Private  property  receives  its  greatest  stimulus,  and 
its  origin  is  the  ownership  of  human  beings  (slaves)  first  of  all,  and  later 
the  direct  acquisition  of  all  types  of  goods.  Here  for  the  first  time  we  find 
an  aversion  to  useful  labor  in  contrast  to  such  honorific  employments  as  are 
dealt  with  by  the  warrior  caste,  the  priestly  cult,  the  legatees  of  political 
power,  etc.  Predation,  animosity  and  warfare  take  the  place  of  labor  and 
peaceful  sedentary  pursuits  in  the  societal  scheme  of  values,  and  with  the 
former  goes  the  resort  to  fraud  and  guile.  The  emulatory  propensity  receives 
its  full  flowering  in  the  invidious  distinctions  which  are  attached  to  rank 
and  status.  Anthropomorphism  and  animism  take  the  place  of  the  matter- 
of-fact  attitude,  and  prowess  and  propitiation  of  spiritual  residues  residing 
in  inert  matter  become  all-important.  Success  (whether  by  guile,  force, 
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wealth,  magic)  become  the  all-pervasive  standards  in  such  a  society  and 
mark  off  this  group  from  those  who  conceive  of  life  as  the  production  and 
supplying  of  greater  and  greater  material  goods  for  the  commodity.  Teleology 
takes  the  place  of  the  cause-and-effect  attitude  toward  life. 

Many  of  the  goals  and  standards  of  conduct  v/hich  are  first  to  be  seen 
in  the  Predatory  Barbarian  stage  of  human  culture  are  incorporated  into 
the  Machine  or  Technological  age.  Of  course,  groups  shift  in  relative  power; 
for  example,  in  our  society  the  businessman  is  more  important  than  the 
priestly  or  political  groups  which  had  primacy  in  an  earlier  age.  But  the 
same  residues  to  be  found  in  the  Barbarian  stage  are  present  in  ours,  although 
in  different  form.  For  Veblen  sees  ours  as  .i  pecuniary,  acquisitive  culture, 
using  power  and  guile  to  achieve  self-regarding  ends.  Honorific  distinction 
is  attached  to  the  person  of  the  businessman  in  contrast  to  those  segments 
of  the  community  which  are  engaged  in  the  making  of  serviceable  products. 
And  yet,  as  with  the  other  honorific  groups  mentioned  previously,  the  busi¬ 
nessman  is  functionless  and  merely  an  absentee  owner  with  respect  to  the 
process  of  material  production.  His  goal  is  the  making  of  profit,  of  drawing 
a  differential  income  from  the  produce  of  the  community.  He  reaps  where 
he  has  not  sown.  In  fact,  in  the  pursuit  of  these  profits  he  retards  produc¬ 
tion,  since  he  only  "produces”  up  to  the  point  of  greatest  marginal  net 
revenue.  The  pursuit  of  profits,  therefore,  interferes  with  the  further  use 
of  the  technological  apparatus,  and  so,  in  Veblen’s  eyes,  the  businessman  is 
reactionary  in  terms  of  the  developing  productive  forces,  a  saboteur  of 
the  industrial  process  through  his  limitations  on  production.  Thus,  the  so¬ 
cial  conflict  in  modern  society  is  to  be  found  in  terms  of  the  restriction 
of  production  through  monopoly  (business)  and  the  continually  increasing 
productivity  of  modern  industry  (whose  human  counterparts  are  the  engi¬ 
neers,  technicians,  etc.).  To  the  extent  that  the  latter  accept  the  folklore 
of  the  business  commodity,  to  that  extent  conflict  is  held  in  abeyance.  Also, 
as  with  other  non-functional  groups,  invidious  distinctions  are  drawn  by 
the  businessman  through  the  display  of  conspicuous  leisure  and  consumption. 
The  latter  increase  the  dignity  and  rank  of  the  businessman,  since  they 
serve  as  effective  counterweights  to  productive  labor  which,  in  a  business 
civilization,  or  in  any  status  society,  is  considered  an  inferior  occupation. 

Parenthetically,  it  may  be  remarked  that  Veblen  underrated  the  imma¬ 
nent  force  of  the  self-regulating  market  mechanism  and  overvalued  the  pres¬ 
tige  factor  as  the  integrative  force  through  which  our  market  economy  was 
to  be  explained.  Be  that  as  it  may,  one  of  the  great  contributions  of  Veblen 
was  his  underlining  of  the  importance  of  prestige  or  emulation  in  the  work¬ 
ings  of  any  society  and  its  economy,  and  the  development  of  this  concept 
into  a  body  of  consistent  thought.  We  now  turn  to  the  study  of  three 
primitive  cultures  and  to  the  role  played  by  the  prestige  concept  as  an  inte¬ 
grating  factor  in  these  societies. 

the  KWAKIUTL  INDIANS 

Veblen’s  analysis  of  the  role  of  prestige  in  primitive  society  seems  to 
fit  Kwakiutl  Indian  culture  perfectly.  As  Irving  Goldman  says  in  his  essay 
on  the  Kwakiutl: 

All  the  social  relations  among  the  Kwakiutl  are  keyed  to  the  principle  of 
rank,  and  each  individual  of  any  status  in  the  community  is  motivated  by 
an  obsessive  drive  for  prestige.  The  social  stratification  ...  is,  on  the 
Northwest  Coast,  carried  to  an  extreme  degree  in  terms  not  of  material 
goods  but  of  prerogatives.  (Goldman,  1937,  pp.  183-184) 
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Subsistence.  It  is  well  to  mention  first  of  all  that  the  Kwakiutl  Indians 
inhabit  a  region  renowned  for  the  abundance  of  its  sea  life,  and  so  the  prin¬ 
cipal  economic  pursuit  of  the  Kwakiutl  is  fishing.  Redistribution  is  the 
economic  form  used  with  regard  to  subsistence,  with  half  the  catch  given 
to  the  chief  of  the  mimaym,  or  kinship  unit,  who  redistributes  it  to  all  who 
need  food  during  the  winter,  when  economic  life  is  suspended.  It  is  always 
the  responsibility  of  the  chief  to  provide  for  his  people  when  they  are  in 
need.  The  other  half  is  used  to  feed  the  household  of  the  men  who  caught 
the  fish.  Members  of  the  numaym  cooperate  also  in  the  ownership  and  ex¬ 
clusive  use  of  hunting,  fishing,  and  berry-picking  territory.  But  given  this 
rich  and  fertile  territory,  only  a  relatively  small  proportion  of  the  Kawkiutl’s 
time  is  devoted  to  food-getting  and  industry.  The  means  of  subsistence 
being  amply  assured  through  a  provident  nature,  most  of  the  time-consum¬ 
ing  activities  of  the  Kwakiutl  seem  directed  to  the  attainment  of  ever  greater 
prestige  and  honorific  titles,  to  the  detriment  of  continued  increases  of 
serviceable  goods. 

Prestige.  Says  Goldman: 

Upon  an  conomic  base  of  comparative  plenty,  the  Kwakiutl  have  developed 
a  system  of  economic  exchanges  that  bears  little  relation  to  the  problem  of 
existence.  Property  is  accumulated  only  to  be  redistributed  or  destroyed  in 
a  game  in  which  prestige  and  self-glorification  are  raised  to  an  egoman- 
iacal  pitch.  More  important  even  than  material  property  as  counters  of 
prestige  are  the  jealously  guarded  honorific  names,  titles,  family  traditions, 
and  ceremonial  prerogatives.  Material  property  is  valued  only  to  the  ex¬ 
tent  that  it  can  procure  or  validate  these  prerogatives  and  names.  The  social 
structure  reflects  the  great  valuation  of  immaterial  property  in  Kwakiutl 
life.  (Goldman,  1937,  p.  180) 

The  striking  emphasis  is  upon  rank.  All  tribes,  numayms,  and  families 
are  graded  according  to  a  strict  pattern.  Within  the  tribe  each  individual 
is  further  classified  as  a  nobleman,  commoner,  or  slave.  The  nobility  are 
the  first-born  of  families  of  rank;  the  commoners  are  the  younger  sons 
and  daughters.  Religion  too,  according  to  Goldman,  is  subordinated  to 
the  drive  for  rank  and  prestige,  contact  with  the  supernatural  being  based 
upon  strictly  owned,  inherited,  or  otherwise  validated  prerogatives.  Social 
stratification  is  so  marked  that  even  the  t-tibes  and,  within  them,  the 
numayms  and  families  are  not  equal  in  rank.  All  are  ranged  in  a  hieararchy 
of  values  the  way  their  ancestors  were  supposed  to  have  been  ranked.  Gold¬ 
man  states: 

The  possession  of  a  title,  however,  does  not  in  itself  give  the  individual 
social  prestige.  Each  claim  to  nobility  must  be  validated  by  the  distribution 
of  property,  blankets,  boxes  and  by  the  giving  of  feasts  during  which 
great  quantities  of  valuable  oil  are  conspiciously  destroyed.  Above  all,  an 
individual  gains  prestige  by  crushing  a  rival  ...  It  is  a  war  in  which  prop¬ 
erty  is  the  weapon.  (Goldman,  1937,  p.  184) 

The  name  given  to  these  ceremonial,  prcperty-destroying  and  property- 
redistributing  feasts  is  the  potlatch,  and  its  chief  purpose  is  to  enhance  the 
prestige  and  rank  of  a  tribe,  numaym  or  individual  by  outdoing,  through 
a  display  of  conspicuous  waste  or  conspicuous  wealth,  its  rival  in  the  matter 
of  prodigality.  The  potlatch  plays  an  indispensable  role  in  the  drive  for 
prestige. 

Kinship  itself  is  tied  in  with  the  prestige  factor  since  status  is  deter¬ 
mined  by  the  order  of  birth  and  birth  itself.  Rank  is  hereditary  and  classes 
fixed.  Marriage  i$  the  occasion  for  ceremonial  along  prestige  lines,  father- 
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in-law  and  son-in-law  displaying  their  high  rank  by  indulging  in  an  elabo¬ 
rate  potlatch.  Even  murder  is  integrated  into  the  Kwakiutl  value  scheme, 
since  the  former  is  recognized  as  a  valid  method  of  adding  to  one’s  prestige 
and  rank.  A  man  claims  as  his  own  all  the  names  and  special  privileges  of 
his  victims. 

Whereas  collective  notions  may  have  entered  into  the  subsistence  econ¬ 
omy  and  the  use  of  material  property,  the  paraphernalia  of  nobility  are 
strictly  individualistic.  In  the  Veblenian  scheme,  individualism  is  strongly 
tied  up  with  rivalry  and  self-regarding  motives,  and  this  seems  especially 
true  of  Kwakiutl  society. 

With  regard  to  religion,  Goldman  states: 

As  the  secular  organization  of  the  Kwakiutl  is  built  around  rivalry  for  pres¬ 
tige  and  the  display  of  honorific  prerogatives,  so  is  the  religious  .  .  . 
Kwakiutl  ceremonialism  ...  is  directed  entirely  toward  individualistic  ends 
.  .  .  Moreover,  consistent  with  the  emphasis  upon  rank,  each  of  the  dances 
is  ranked  in  a  hierarchical  system.  It  is  these  dances,  which  confer  the  most 
valued  Kwakiutl  prerogatives,  that  are  obtained  through  inheritance  from 
the  mother’s  line  or  through  the  murder  of  the  previous  owner.  ( Goldman, 
1937,  pp.  198-199) 

In  general,  the  religious  organization  of  the  Kwakiutl  parallels  the 
secular.  As  there  are  titles  of  nobility,  so  are  there  recognized  hieararchical 
distinctions  in  the  use  and  ownership  of  religious  prerogatives.  Religious  pre¬ 
rogatives  are  but  another  aspect  of  the  nobility  and  power  of  an  individual 
of  rank. 

What  about  the  commoner  in  this  value  scheme?  Goldman  continues: 
What  is  accepted  behavior  for  a  chief  or  a  nobleman  is,  however,  denied 
the  commoners  .  .  .  The  commoner’s  place  is  primarily  on  the  sidelines  .  .  . 

Yet  each  commoner  in  his  own  right  and  within  the  limits  imposed  upon 
him  by  his  lack  of  noble  prerogatives  behaves  in  precisely  the  same  way  as 
a  chief.  Kwakiutl  society  is  permeated  to  the  core  with  the  urge  for  per¬ 
sonal  glory.  (Goldman,  1937,  p.  207) 

Thus,  every  aspect  of  Kwakiutl  life  is  oriented  to  the  basic  drive  for 
prestige,  and  the  emphasis  upon  rank  is  consistently  reflected  in  social  re¬ 
lations;  in  marriage,  in  religion,  and  in  law.  Prestige  in  Kwakiutl  society 
is  the  great  integrating  factor  holding  the  social  fabric  together.  Kwakiutl 
life  offers  the  closest  resemblance  in  its  workings  to  the  "business”  analysis 
of  Veblen. 


TOLOWA-TUTUTNI  CULTURE 

Tolowa-Tututni  culture  also  lends  assistance  to  Veblen’s  ideas  on  emu¬ 
lation,  although  the  prestige  factor  operating  through  the  medium  of  wealth 
is  not  as  integrative  in  terms  of  social  cohesion  as  in  Kwakiutl  society.  Never¬ 
theless,  it  does  permeate  and  shape  a  large  part  of  social  behavior  in  that 

society. 

Subsistence.  Like  the  Kwakiutl,  the  Tolowa-Tututni  have  a  rich  sub¬ 
sistence  provided  by  a  bountiful  environment.  Privately-owned  fishing  sites 
are  available  to  any  industrious  individual.  Interchange  of  goods  is  through 
the  medium  of  barter,  although  the  favorable  environment  makes  even 
barter  a  relatively  minor  activity.  In  addition,  food  is  shared  by  the  provi¬ 
dent  with  the  improvident  within  the  village  group.  The  Veblenian  concept 
that  industry  brings  forth  as  some  of  its  concomitants,  generosity  and  con¬ 
cern  for  the  public  welfare,  certainly  holds  good  in  this  realm  of  Tolowa- 
Tututni  culture. 
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Prestige.  Tolowa-Tututni  culture  is  permeated  with  social  prerogatives 
and  status  values.  It  includes  a  range  of  phenomena  from  wives  to  formulae 
for  supernatural  compulsion.  It  embraces  mourners'  privileges  and  innumer¬ 
able  personal  dignities. 

Money,  represented  by  dentalium  shells,  serves  as  the  visible  symptom 
of  wealth  in  this  society  and  wealth  values  are  associated  with  social  status. 
Interestingly  enough,  money  does  not  serve  as  a  medium  of  exchange  in 
the  subsistence  part  of  the  economy,  and  haggling  in  terms  of  exchange 
and  driving  a  hard  bargain  are  features  of  the  prestige  part  of  the  economy 
alone.  Unlike  subsistence,  wealth,  through  the  medium  of  money,  is  the 
source  of  all  social  advantages  and  pre-eminences. 

Social  relations  are  permeated  with  the  concept  of  wealth.  All  injuries, 
whether  insult,  mayhem,  or  murder  are  torts  for  which  compensating  pay¬ 
ments  can  buy  atonement.  And  wealth  grants  rights  of  judgment  as  well. 
Thus  Cora  DuBois  says: 

Social  equilibrium  was  the  vested  interest  of  the  rich  man  who  dominated 

each  village  .  .  .  The  rich  man  functioned  as  a  state  surrogate.  (Dubois, 

1936,  p.  55) 

Slavery  is  a  result  of  debt  obligation;  and  since  debt  can  only  be  in¬ 
curred  in  the  realm  of  prestige  economy,  slaves  become  a  source  of  pres¬ 
tige  ostentation.  They  are  the  symbols  of  money  once  owned  and  loaned. 

Similarly  marriage  is  a  function  of  the  prestige  economy.  Marriage 
only  functions  through  bride  prices,  and  the  price  paid  reflects  the  social 
status  of  the  bride  or  bridegroom's  parents.  Thus  the  impregnation  of  the 
institution  of  marriage  with  the  dominant  wealth  preoccupations  serve  to 
color  sex  and  familial  relationships. 

Education  is  also  linked  with  the  prestige  economy,  since  the  education 
of  both  sexes  stresses  the  desirability  of  wealth.  Sexual  preoccupations  are 
to  be  suppressed  until  wealth  is  acquired  and  status  obtained. 

Similarly,  religion  is  impregnated  with  financial  emphasis.  Shamans 
and  mourners  receive  payments  for  their  services,  and  so  enter  into  the 
prestige  economy. 

In  all  the  aspects  of  society  into  which  the  wealth  and  prestige  factors 
enter,  there  also  enter  their  Veblenian  concomitants,  namely,  rivalry,  sharp 
dealing  and  self-seeking.  Whereas  generosity  is  to  be  found  in  the  subsistence 
part  of  the  economy,  suspicion  and  haggling  prevails  in  the  prestige  sector. 
Since  the  acquisition  of  wealth  is  basic  for  social  status,  and  since  status  is 
the  center  of  all  activities  regarded  as  meritorious  in  Tolowa-Tututni  so¬ 
ciety,  the  aforementioned  type  of  behavior  is  readily  understandable. 

Those  parts  of  the  society  which  have  not  been  integrated  into  the 
wealth  complex  are  the  non-acquisitive  character  of  warfare  and  the  sub¬ 
merging  of  private  property  in  the  interest  of  the  kin  group  and  its  use 
outside  of  its  own  kin  in  the  subsistence  part  of  the  economy. 

All  in  all,  however,  the  integrative  force  of  wealth  in  Tolowa-Tututni 
society  is  considerable.  Since  the  striving  for  wealth,  however,  in  no  way 
adds  to  serviceable  output,  this  culture  falls  into  the  Veblenian  milieu. 
Dentalia  do  not  add  to  material  output,  but  they  do  add  honorific  distinc¬ 
tions  and  status  claims,  and  the  latter  are  the  mainspring  of  Tolowa-Tututni 
behavior  and  culture. 
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MANUS  CULTURE 

Manus  culture  does  not  fit  many  of  the  basic  requirements  postulated 
by  Veblen.  There  is  no  leisure  class  in  this  society,  and  rank  and  status  are 
directly  integrated  with  industry.  Recognition  goes  to  a  man  in  terms  of 
the  amount  of  wealth  which  has  passed  through  his  hands,  and  in  Manus 
society  this  can  only  be  achieved  through  tremendous  exertion  and  energy. 
Subsistence  and  prestige  work  together  and  not  at  the  expense  of  one 
another. 

Subsistence.  The  Manus  inhabit  land  which  is  limited  to  a  few  rough 
coral  outcrops  and  platforms  of  coral  rubble.  Without  land,  without  any 
farinaceous  food,  dependent  upon  barter  for  the  very  tools  and  utensils  with 
which  they  earn  their  livelihood,  the  Manus  are  up  against  an  exacting  en¬ 
vironment.  Although  the  Manus  are  the  most  disadvantageously  placed  of 
all  the  tribes  in  that  part  of  the  archipelago,  they  are  the  richest  and  have 
the  highest  standard  of  living,  and  this  is  the  result  of  the  drive  for 
prestige. 

Prestige.  With  regard  to  continuous  labor,  Margaret  Mead  says: 

The  forces  which  keep  this  continuous  game  of  exchanging  going  are  sev¬ 
eral:  In  the  first  place,  no  one  can  ever  retire  on  his  laurels.  Every  economic 
reward  of  leadership  is  expressed  dynamically,  'I  have  done  and  I  am 
doing.’  .  .  .  The  minute  that  a  man  is  no  longer  an  active  participant  he 
loses  all  standing  in  the  community,  and  may  even  be  taunted  with  the 
fact  that  he  was  once  a  big  man.  (Mead,  1937,  p.  217) 

As  for  these  equal  exchanges,  they  are  the  method  by  which  the  goods 
of  the  community  are  distributed.  But  more  than  this,  prestige  is  so  inter¬ 
woven  with  industry  that  the  actual  amount  of  goods  in  existence  depends 
upon  the  number  of  leaders.  It  varies  with  their  enterprise,  intelligence, 
and  aggresiveness.  In  fact,  the  need  for  tremendous  expenditure  of  effort 
is  so  great  as  a  direct  result  of  the  prestige  system  that  it  is  a  rarity  indeed 
when  any  man  lives  beyond  the  age  of  fifty. 

There  are  also  those  independents  who  have  chosen  not  to  follow  the 
game  of  affinal  exchanges  and  ideas  of  prestige  derived  from  these  ex¬ 
changes  and  are  mainly  self-supporting.  But  the  high  standard  of  living  is 
a  direct  result  of  such  exchanges,  which  in  turn  are  the  avenues  through 
which  rank  and  status  emerge. 

Here  we  observe  a  society  in  which  the  dualism  of  Veblen  really  does 
not  apply.  To  be  sure,  there  are  prestige  motives  in  play,  but  these  depend 
upon  the  greatest  amount  of  productive  and  continuous  labor.  No  leisure 
class  can  exist  in  such  a  society  and,  in  fact,  none  does. 

CONCLUSION 

Most  cultures  exhibit  features  of  industry  and  prestige.  This  is  almost 
axiomatic,  inasmuch  as  subsistence  is  necessary  for  existence,  and  every 
society  has  a  scheme  of  values  in  which  rank  and  status  enter  to  some  de¬ 
gree  as  concomitants.  Admiting  the  existence  of  these  twin  motives,  how¬ 
ever,  is  not  the  same  as  admitting  that  they  then  fall  into  the  Veblenian 
scheme.  As  in  the  case  of  Manus  society,  industry  and  prestige  may  directly 
enforce  one  another.  There  is  no  universalitv  to  Veblen’s  propositions.  Veb- 
len’s  weakness  consists  in  thinking  of  technology  as  being  a  sufficient  touch¬ 
stone  unto  itself.  Political,  social  and  moral  values  permeate  any  social  order, 
and  the  concept  of  serviceability  in  and  of  itself  cannot  be  set  down  in  a 
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societal  vacuum.  Culture  enhances  social  living,  and  where  there  is  culture 
there  are  value  schemes  and  societal  distinctions  and  gradations.  To  the 
extent  that  these  values  are  antagonistic  to  productive  effort,  to  that  extent 
Veblen  makes  a  most  important  contribution. 
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KEYS  TO  THE  LARVAE  OF  TEXAS  MOSQUITOES 
WITH  NOTES  ON  RECENT  SYNONYMY  ^ 

IE  THE  GENUS  CULEX  LINNAEUS 


OSMOND  P.  BRELAND 
The  University  of  Texas 

INTRODUCTION 

The  first  paper  in  this  series  (Breland,  19  5  2)  dealt  with  the  genera 
of  mosquitoes  found  in  the  state  and  with  the  species  of  Aedes  Meigen.  The 
present  paper  is  concerned  specifically  with  the  species  of  the  genus  Culex 
Linneaus. 

Synonymies  and  name  changes  involving  several  species  have  occurred 
during  the  past  few  years,  and  in  some  cases  the  status  of  certain  mosqui¬ 
toes  and  their  correct  names  are  still  unsettled.  Bohart  (1948)  has  made  a 
study  of  the  species  of  the  subgenus  Neoculex.  He  discovered  that  the  species 
in  the  United  States  known  as  apicalis  Adams  really  consists  of  a  complex 
of  several  distinct  species.  He  concluded  that  territans  Walker,  rather  than 
apical/s,  is  the  correct  name  for  the  species  of  this  complex  that  occurs  in 
Texas  and  adjacent  areas. 


- - — > 

PLATE  I 

Heads  of  CpJex  mosquito  larvae  (dorsal  view)  showing  larval  hairs  and  other 
structures  used  in  identification.  Different  possible  conditions  of  certain  key  features 
are  illustrated  in  the  two  diagrams  as  indicated  below.  Only  those  structures  of  im¬ 
portance  in  identificaton  have  been  labeled. 

Abbreviations 

A  Antenna. 

AT  Antennal  hair.  In  this  diagram,  the  antennal  hair  arises  from  a  constriction 
in  the  outer  third  of  the  antenna. 

PA  Preantennal  hair. 

LHH  Lower  head  hair.  The  hair  is  single  in  this  figure. 

UH  Upper  head  hair.  Note  that  the  upper  head  hair  is  multiple  and  much  shorter 
than  the  lower  head  hair. 

Figure  B 
Abbreviations 

A  Antenna. 

AT  Antennal  hair.  Here  the  antennal  hair  arises  near  the  middle  of  the  antenna. 

LHH  Lower  head  hair.  In  this  diagram  the  lower  head  hair  is  barbed  and  multiple. 
PA  Preantennal  hair. 

UH  Upper  head  hair.  The  upper  head  hair  is  barbed,  multiple  and  longer  than 
the  lower  head  hair. 


^  Supported  by  the  University  of  Texas  Re.search  Institute. 
Drawings  by  Miss  Grace  Hewitt. 
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There  is  still  no  general  agreement  as  to  the  correct  name  of  the  mos¬ 
quito  that  has  been  called  the  southern  hcmse  mosquito.  The  two  most 
commonly  used  names  for  this  species  are  Culex  cpiinquefasciattis  Say  and 
C.  fatigans  Wiedmann.  This  mosquito  is  widely  distributed  throughout  the 
tropical  and  subtropical  areas  of  the  world,  and  it  has  been  considered  in 
the  publications  of  many  different  groups  of  workers.  Most  Americans  use 
qiunqjiefasciatus,  while  taxonomists  from  other  regions  have  usually  referred 
to  the  same  species  as  fatigans.  This  latter  practice  follows  the  action  of 
Edwards  (1932),  who  adopted  fatigans  rather  than  qninquefasciatus.  This 
procedure  was  based  upon  the  possibility  that  Say  may  have  applied  qninqne- 
fasciatus  to  another  species  rather  than  to  the  one  in  question.  However, 
this  possibility  has  not  been  proved.  The  nivme,  quinqtiefasciatns,  was  used 
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in  1  823,  while  fatigans  was  not  published  until  1828  (Carpenter  et  al: 
1946).  For  these  reasons,  quinquefasciafus  will  be  used  in  the  present  paper. 

Two  species  included  in  the  key  deserve  brief  comment.  Culex  t  hr  iam¬ 
bus  Dyar,  originally  described  from  Texas  has  been  considered  as  both  a 
subspecies  (Dyar,  1928)  and  as  a  synonym  of  C.  stigmatosoma  Dyar  (Math- 
eson,  1944).  Galindo  and  Kelly  (1943),  hov/^ever,  restored  C.  thriambtis  to 
full  specific  rank.  So  far  as  could  be  determined,  there  has  not  been  a  suffi- 
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cient  amount  of  work  done  on  these  mosquitoes  in  this  area  to  justify  posi¬ 
tive  conclusions  at  this  time.  The  writer  as  well  as  other  workers  have 
collected  larvae  in  Texas  that  fit  the  description  of  C.  thriambm^  but  large 
series  of  correlated  adults  have  not  been  reared  for  study.  Griffith  (1952) 
reports  both  thriambus  and  stigmatosoma  from  Oklahoma,  and  it  might 
well  be  that  both  species  occur  in  Texas. 

At  the  present  state  of  our  knowledge,  some  species  of  Culex  larvae 
are  difficult  to  distinguish  with  certainty  from  similar  forms.  This  is  also 
true  for  species  of  Aedes  previously  considered,  as  well  as  for  the  larvae  of 
certain  other  genera.  It  is  thus  very  desirable  that  additional  studies  be  made 
in  an  effort  to  discover  additional  and  more  obvious  key  features  for  the 
determination  of  closely  related  species.  The  writer  will  greatly  appreciate 
hearing  from  other  workers  who  may  have  suggestions  for  the  improve¬ 
ment  of  the  keys  used  in  this  series  of  papers. 

The  heads  and  terminal  segments  of  two  Culex  larvae  are  figured,  but 
they  do  not  represent  any  specific  species.  As  indicated  in  the  explanation 
of  plates,  different  possible  conditions  of  some  important  key  features  are 
included  in  the  two  figures.  Some  recent  publications  of  importance  other 
than  those  specifically  cited  are  listed  in  the  bibliography. 

KEY  TO  THE  SPECIES  OF  CULEX  LARVAE  IN  TEXAS 

1.  Pecten  teeth  continued  distally  by  a  row  of  4  or  5  large 

spines  _ interrogator  D.  &  K. 

Pecten  teeth  not  continued  distally  by  a  row  of  spines _ 2 


<■ - — - - — 

PLATE  II 

Terminal  abdominal  segments  of  Culex  mosquito  larvae  (lateral  view)  showing 
structures  used  in  identification.  Different  possible  conditions  of  certain  key  features 
are  illustrated  in  the  two  diagrams.  Only  those  structures  of  importance  in  identifica¬ 
tion  have  been  labeled. 

Figure  A 
Abbreviations 

CS  Comb  scales  or  comb.  Here  the  scales  are  arranged  in  a  single  irregular  row. 

The  individual  comb  scales  are  thorn-like. 

LH  Lateral  hair  of  the  anal  segment.  In  this  case  it  is  a  single  hair. 

P  Pecten  teeth  or  pecten. 

S  Siphon  or  air  tube.  In  this  diagram  the  siphon  is  considered  stout  and  4  to 

5  times  as  long  as  its  diameter  (usually  expressed  in  keys  thus;  siphon  4  or  5 

yi). 

SH  Siphonal  hair  tufts,  ventral  or  subventral  hair  tufts.  The  subapical  tuft  is 
out  of  line.  In  this  case,  none  of  the  tufts  arise  within  the  pecten. 

Figure  B 

Abbreviations 

Comb  scales  or  comb.  The  comb  scales  are  arranged  in  a  triangular  patch. 
CS  The  individual  comb  scales  are  rounded  apically  and  fringed  with  subequal 
teeth. 

LH  Lateral  hair  of  anal  segment.  It  is  double  in  this  case. 

P  Pecten  teeth  or  pecten. 

S  Siphon  or  air  tube.  In  this  diagram  the  siphon  is  considered  slender  and  6 

to  7  times  as  long  as  its  diameter  (usually  expressed  in  keys  thus:  siphon  6 
or  7  :  1). 

SH  Siphonal  hair  tufts;  also  called  ventral  and  subventral  tufts.  None  of  these 
tufts  are  out  of  line.  The  first  two  tufts  arise  within  the  pecten. 
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2.  At  least  1  hair  tuft  of  siphon  arising  within  pecten _ 3 

None  of  hairs  of  siphon  arising  within  pecten _ 6 

3.  Siphon  with  6  to  9  pairs  of  hair  tufts _ 4 

Siphon  with  only  3  to  5  pairs  of  hair  tufts _ 5 

4.  Comb  scales  few,  arranged  in  a  single,  sometimes  irregular 

row;  siphon  3  or  4:  1 _ _ _ _ pilosns  D.  &  K. 

Comb  scales  many,  arranged  in  a  triangular  patch; 
siphon  7  or  8:  1 _ _ chidesteri 

5.  Siphon  with  3  pairs  of  hair  tufts,  the  middle  one  out  of 

line _ _ _ declarator  D.  &  K. 

Siphon  with  5  pairs  of  hair  tufts,  the  subapical  tuft  out 
of  line  _ : _ stigmatosoma  Dyar 

6.  Both  upper  and  lower  head  hairs  with  more  than  2  branches _ 7 

At  least  one  set  of  head  hairs,  and  sometimes  both,  single 
or  double  _ 13 

7.  Siphon  with  several  spines  or  spikes  near  apex _ 

_ _ _ coronator  D.  &  K. 


Siphon  without  subapical  spines  _ 8 

8.  Hairs  on  siphon  mostly  single _ _ 9 

Hairs  on  siphon  mostly  double  or  multiple _ _ _ 10 

9.  Antennal  tuft  arising  near  middle  of  antenna _ restuans  Theo 


Antennal  tuft  arising  near  outer  third  of  antenna _ 

_ _ _ _ _ t  hr  iambus  Dyar 

10.  Siphon  with  5  or  6  pairs  of  many-haired  tufts,  none  greatly 

out  of  line _ i _ farsalis  Coq. 

Siphon  with  4  or  5  pairs  of  tufts,  often  with  few  hairs; 
subapical  tuft  out  of  line _ _ _ 11 

1 1.  Siphon  stout,  4  or  5 :  1 ;  lower  head  hairs  usually  with  5 

or  more  branches _ quinqnefasciatns  Say 

Siphon  slender,  6  or  7 :  1 ;  lower  head  hairs  with  3  or  4 
branches  _ _ _ 12 

12.  Lateral  hair  of  anal  segment  usually  single;  thorax  covered 

with  small  dark  spicules _ _ _ nigripalpus  Theo. 

Lateral  hair  of  anal  segment  usually  double;  thorax  without 
spicules  _ salinarms  Coq. 

1  3 .  Both  upper  and  lower  head  hairs  usually  long  and  single, 
rarely  double  on  one  or  both  sides;  upper  head  hairs  2/3 
to  3/4  as  long  as  lower _ _ _ territans  Walker 

Upper  head  hairs  double  or  multiple,  much  shorter  than  lower - 14 
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14.  Comb  scales  arranged  in  an  irregular  single  or  double  row; 

individual  comb  scale  thorn-like  under  high  power _ 

_ _ _ erraticMs  D.  &  K. 

Comb  scales  arranged  in  several  rows  or  a  triangular  patch; 
individual  comb  scale  rounded  apically  and  fringed  with 
sub-equal  spinules  _ _ 15 

15.  Upper  head  hairs  with  more  than  3  branches _ inhibit ator  D.  &  K. 

Upper  head  hairs  usually  double,  rarely  with  3  branches _ _ 16 

16.  Individual  comb  scale  elongate;  teeth  of  pecten  fringed  on 

one  side  with  many  small  spinules _ peccator  D.  &  K. 

Individual  comb  scale  short  and  ovoid  in  shape;  teeth  of 

pecten  with  several  large  spines  on  one  side _ 

_ _ _ aborninator  D.  &  K. 
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ARTHROPOD-BORNE  DISEASES  IN  TEXAS  IN  1950 


R.  B.  EADS  AND  R.  D.  GRIFFITH 
Bureau  of  Laboratories 
State  Department  of  Health,  Austin,  Texas 

An  impressive  array  of  bacterial  and  parasitic  diseases  are  known  to  be 
transmitted  to  human  beings  by  insects  and  related  arthropods.  This  paper 
is  concerned  with  the  more  important  of  these  diseases  in  Texas  during 
1950.  These  data  were  obtained  from  research  projects  and  Morbidity  Re¬ 
ports  of  the  State  Department  of  Health. 

DYSENTERY 

During  1950  there  were  37,52  5  cases  of  dysentery  of  bacillary,  amoe¬ 
bic  and  viral  origin  reported  to  this  Department  by  Texas  physicians.  Re¬ 
peated  laboratory  experiments  have  demonstrated  that  enteric  infections  can 
live  on  the  bristly  bodies  and  within  the  intestines  of  such  omnivorous  in¬ 
sects  as  flies  and  cockroaches.  Since  they  frequent  almost  every  conceivable 
type  of  organic  matter,  including  human  and  animal  excrement  and  human 
foodstuff,  it  is  felt  that  insects,  principally  house  flies,  are  responsible  for 
a  large  number  of  the  dysentery  cases.  Studies  on  community-wide  fly 
control  by  the  Public  Health  Service  and  State  Department  of  Health  in 
the  Rio  Grande  Valley  emphasize  this  point.  In  fly  controlled  areas  a  sig¬ 
nificant  reduction  of  Shigella  dysentery  was  effected  and  Salmonella  cases 
were  reduced.  In  the  face  of  our  present  natural  recession  of  malaria  and 
typhus,  insect  transmitted  dysentry  is  probably  our  most  important  arthro¬ 
pod-borne  disease. 

«  VIRUS  ENCEPHALITIS 

Encephalitis,  or  inflammation  of  the  brain,  may  be  due  to  a  wide  va¬ 
riety  of  causative  agents  such  as  physical  or  chemical  injury,  bacterial  or 
parasitic  infection,  tumors  or  one  of  several  viral  agents.  Three  viruses 
which  have  been  shown  to  be  endemic  in  the  United  States  are  of  concern 
in  this  discussion,  since  arthropods  act  both  as  reservoirs  and  transmitting 
agents.  Involved  are  St.  Louis  encephalitis,  eastern  equine  encephalitis  and 
western  equine  encephalitis.  The  two  latter  viruses  are  the  causative  or¬ 
ganisms  of  a  highly  fatal  disease  of  horses,  thousands  formerly  being  affected 
annually  in  the  United  States.  Human  cases  frequently  accompany  or  follow 
outbreaks  in  horses. 

The  following  species  of  arthropods  have  been  found  naturally  infected 
with  the  western  strain:  Mosquitoes — -Culex  far  sails,  C.  pipiens,  Culiseta  in- 
ornata,  Anopheles  freeborni,  Aedes  dorsalis  and  Mansonia  perturbans;  Mites — 
Dermanyssus  gallinae,  D.  americanus,  Liponyssus  sylviarmn  and  L.  bursa; 
and  the  bug,  Triatoma  sanguisuga.  Mansonia  perturbans  mosquitoes  have 
been  found  naturally  infected  with  the  eastern  strain  of  encephalitis.  Num¬ 
erous  species  of  insects,  including  several  genera  of  mosquitoes,  mites,  ticks 
and  other  blood  sucking  arthropods  have  been  shown  capable  of  transmitting 
both  the  eastern  and  western  strains  experimentally. 
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Culex  iarsalis  mosquitoes  and  the  chicken  mite,  Dcrmanyssus  gallinae, 
have  been  taken  which  were  naturally  infected  with  both  St.  Louis  and 
western  equine  encephalitis.  Several  species  of  mosquitoes,  the  tick,  Derma- 
centor  variabilis,  and  the  mite,  Dermanyssiis  gallinae,  have  transmitted  St. 
Louis  encephalitis  under  laboratory  conditions. 

Birds,  particularly  domestic  poultry,  are  susceptible  to  these  viruses 
and  apparently  serve  as  important  reservoirs 

All  three  strains  have  been  demonstrated  in  man  or  horses  in  Texas. 
However,  diagnostic  difficulties  have  prevented  an  adequate  appraisal  of  the 
viral  encephalitides  in  the  state.  No  cases  received  laboratory  confirmation 
by  this  Department  during  1950. 


DENGUE 

This  noncontagious,  infectious  disease  characterized  by  headache  and 
severe  pains  in  the  extremities  is  of  viral  etiology.  Aedes  mosquitoes  of  the 
subgenus  Stegoinyia  are  involved  in  its  transmission  throughout  tropical  and 
subtropical  regions  of  the  world.  It  occurs  in  epidemic  form  coincident  with 
the  appearance  of  large  populations  of  mosquitoes,  particularly  Aedes  aegypti. 
In  1922  there  were  over  60,000  cases  reported  from  Galveston  and  Houston 
alone,  and  an  estimated  5  00  to  600,000  in  Texas  as  a  whole.  The  most  recent 
outbreak  was  in  the  Rio  Grande  Valley  and  surrounding  area  in  1941.  The 
5  00  cases  reported  were  thought  to  be  but  a  fraction  of  the  total  cases.  Dur¬ 
ing  1950,  Texas  physicians  reported  24  cases  of  dengue  to  this  Department. 
It  is  of  interest  to  remark  that  the  difficulties  in  diagnosing  dengue  have 
been  materially  lessened  by  the  production  of  specific  antigens  for  use  in 
complement-fixation  testing.  A  blood  specimen  taken  early  in  the  illness 
and  another  late  in  the  illness  are  studied  for  evidence  of  increase  in  sero¬ 
logic  titer. 


AMERICAN  SPOTTED  FEVER 

This  disease,  as  with  all  rickettsial  diseases  with  the  exception  of  epi¬ 
demic  typhus,  is  primarily  a  disease  of  animals  (principally  rodents  and 
rabbits)  and  the  tick  vectors  are  parasites  of  these  animals  that  function  in 
the  maintenance  and  perpetuation  of  the  disease  agent  in  nature.  Since  the 
tick  is  not  a  habitual  parasite  of  man,  the  disease  does  not,  as  a  rule,  appear 
in  epidemic  form.  The  descriptive  part  of  the  name  of  this  disease  is  derived 
from  the  characteristic  irritating  rash  which  accompanies  it. 

Tick  bite  is  the  usual  source  of  human  infections  of  spotted  fever.  The 
disease  is  known  to  occur  in  Canada,  Mexico,  Columbia,  Brazil  and  at  least 
43  of  the  48  states  in  the  United  States.  Three  species  of  ticks  are  proven 
vectors  to  man  in  this  country,  Dermacentor  andersoni,  D.  variabilis  and 
Amblyomma  americanum.  Other  ticks,  particularly  Haemaphysalis  leporis- 
pahistris,  transmit  the  infective  agent  among  animals  in  nature.  In  Texas, 
the  "lone-star”  tick  is  incriminated  as  the  primarv  vector  to  man  on  epi¬ 
demiological  grounds.  This  species  has  not  been  found  naturally  infected  in 
Texas,  but  positive  pools  of  A.  americanum  have  been  recovered  just  across 
the  border  in  Oklahoma. 

There  are  usually  3  or  4  cases  of  spotted  fever  ?  year  reported  in  Texas. 
However,  in  195  0  only  one  case  has  been  made  known  to  us. 
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Q  FEVER 

This  Department  has  maintained  an  active  interest  in  the  rickettsial 
disease,  Q  fever,  since  the  outbreak  of  5  S  cases  in  Amarillo  in  1946  represent 
the  first  naturally  acquired  sizeable  outbreak  of  infections  in  the  United 
States.  Human  cases  are  characterized  by  remittent  fever,  headache  and 
malaise,  and  are  often  confused  with  influei'za  or  atypical  pneumonia.  The 
mortality  rate  is  low. 

The  causative  organism,  Coxiella  burnetii,  was  first  isolated  from  the 
tick,  Dermacentor  andersoni,  in  Montana  in  193  5,  although  human  cases 
occurred  as  early  as  193  3  in  Queensland,  Australia.  It  has  now  been  shown 
to  have  a  world  wide  distribution.  California  and  Texas  have  recorded  a 
majority  of  the  United  States  cases. 

In  this  country,  natural  infections  have  been  demonstrated  from:  7 
species  of  ticks,  including  the  "lone-star”  tick,  Amblyomma  americanum, 
which  is  prevalent  in  Texas;  blood,  milk  and  tissue  of  cattle,  sheep  and  goats; 
and  from  man.  Since  1946,  at  least  86  human  cases  have  received  confirma¬ 
tion  by  this  Department.  Positive  raw  milk  samples  have  been  obtained  from 
8  dairies.  Surveys  of  the  occurrence  of  Q  fever  in  livestock  suggest  the 
endemicity  of  the  disease  in  the  southern  part  of  the  state. 

It  is  felt  that  ticks  and  other  arthropods  are  of  little  consequence  as 
sources  of  human  infections.  Epidemiological  evidence  indicates  that  cattle, 
sheep  and  goats  are  of  primary  importance  in  human  infection  either  by 
inhalation  of  particles  of  dust  contaminated  with  infected  milk  or  excretory 
products,  by  direct  contact  with  infected  tissue,  or  by  drinking  raw  milk 
containing  the  rickettsiae. 

TYPHUS 

Texas  is  in  the  heart  of  the  endemic  typhus  region;  1,452  cases  of  this 
rickettsial  disease  were  reported  in  1943,  1,740  in  1944  and  1,83  6  in  1945. 
These  cases  represented  almost  a  third  of  the  entire  number  occurring  in  the 
United  States.  There  has  been  a  steady  decline  in  incidence  since  1945,  with 
only  222  cases  being  reported  in  1950.  Domestic  rats  and  mice  are  the  reser¬ 
voirs  of  endemic  typhus  and  rat  fleas,  lice  and  possibly  mites  transmit  the 
rickettsiae  from  rodent  to  rodent  and  to  man. 

During  studies  on  this  disease  made  by  the  State  Department  of  Health 
in  Lavaca  County  in  1945,  3,962  Xenopsyila  cheopis  fleas  were  tested  for 
typhus  in  121  pools,  with  39  pools  positive;  659  Leptopsylla  segnis  fleas  in  32 
pools  showed  8  pools  positive;  and  1,726  Echidnophaga  gallinacea  fleas  in  5  0 
pools  yielded  4  positive  pools.  This  is  respectively  32,  2  5  and  8  percent  posi¬ 
tive  pools. 

PLAGUE 

The  first  report  of  the  recovery  of  the  plague  organism,  Pasteurella  pesfis, 
from  Texas  rodents  was  made  in  1921.  Infected  Norway  rats,  Rattus  nor- 
vegicus,  were  recovered  during  the  1920-21  outbreak  of  human  cases  in 
Galveston,  Beaumont  and  Port  Arthur.  Approximately  18  human  cases  were 
diagnosed.  No  additional  rodents  or  their  fleas  were  found  infected  in  Texas 
until  1946,  when  the  Public  Health  Service  demonstrated  the  presence  of 
plague  bacilli  in  8  different  pools  of  fleas  from  ground  squirrels,  prairie  dogs, 
kangaroo  rats  and  grasshopper  mice  in  Cochran  County  and  in  prairie  dog 
fleas  from  Dawson  County. 
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A  cooperative  plague  research  project  was  conducted  in  west  Texas  from 
1947-49  by  the  State  Department  of  Health  and  Public  Health  Service. 
Plague  positive  fleas  or  rodent  tissue  were  recovered  in  the  counties  of  Daw¬ 
son,  Cochran,  Gaines  and  Yoakum.  Subsequent  to  these  findings,  survey  crews 
of  the  Public  Health  Service  have  taken  plague  positive  fleas  from  prairie 
dogs  and  their  burrows  from  Dallam  County  and  in  pools  of  fleas  from 
prairie  dogs  and  grasshopper  mice  in  Hartley  County. 

Since  the  1920  outbreak  along  the  coast,  there  have  been  no  proven  cases 
of  plague  in  Texas,  although  there  was  a  suspected  case  in  Yoakum  County 
in  March,  1950.  However,  New  Mexico  reported  6  human  cases  in  1949 
and  1950. 


TULAREMIA 

The  fact  that  tularemia  is  one  of  our  more  important  disease  entities 
transmitted,  in  part,  by  arthropods  is  emphasized  by  the  64  cases  reported  to 
the  Texas  State  Department  of  Health  by  Texas  physicians  in  19  50.  A 
majority  of  the  cases  resulted  from  contact  with  rabbits  infected  with  the 
causative  agent,  Pasfeurella  ttdarenm.  Other  reservoir  animals  include  ro¬ 
dents,  carnivores,  domestic  animals  and  game  birds. 

In  addition  to  contact  with  infected  animals,  human  infections  may  be 
acquired  by  arthropod  bites,  particularly  ticks.  In  Texas,  the  rabbit  tick, 
Haemaphysalis  leporis-palustris,  and  the  "lone  star”  tick,  Amblyomma  ameri- 
canum,  are  incriminated  as  transmitting  agents  of  Pasfeurella  ftilarensis  from 
animal  to  animal.  Epidemiologically,  A.  americamim  appears  to  be  the  cheif 
vector  from  the  animal  reservoirs  to  human  beings,  since  H.  le ports- palustris 
almost  never  attacks  man. 

Sixty- three  percent  of  the  tularemia  cases  in  1950  occurred  during  April, 
May  and  June  and  73  percent  were  contracted  in  the  eastern  half  of  the  state. 
From  the  questionnaires  sent  to  each  physician  reporting  a  case  of  tularemia, 
it  was  apparent  that  the  disease  is  an  occupational  hazard,  particularly  affect¬ 
ing  farmers,  lumbermen,  trappers  and  other  workers  in  the  field. 

Tularemia  is  frequently  fatal  to  rabbits  and  rodents.  In  man,  although 
the  disease  is  debilitating  and  runs  a  tedious  course,  the  fatality  rate  is  low 
and  serious  sequelae  seldom  encountered.  It  appears  obvious  that  the  tularemia 
infection  potential  is  sufficiently  great  to  warrant  the  exercising  of  extreme 
caution  in  the  handling  of  cottontail  rabbits,  particularly  in  the  eastern  half 
of  the  state.  Gloves  should  be  worn  while  skinning  the  animals  and  the  flesh 
thoroughly  cooked  before  it  is  eaten.  Secondary  precautions  involve  the  use  of 
repellents  in  tick-infested  areas. 


MALARIA 

Malaria  incidence  in  the  United  States  has  shown  a  steady  decline  since 
193  5,  until  at  the  present  time  a  case  of  locally  acquired  malaria  is  a  rarity. 
However,  in  1950  Texas  physicians  still  reported  1,601  cases.  A  majority  of 
the  cases  were  diagnosed  clinically  and  without  the  necessary  laboratory  con¬ 
firmation.  Even  when  blood  slides  were  made,  lack  of  experienced  technicians 
to  examine  them  invalidated  or  rendered  questionable  positive  findings.  Only 
five  positive  malaria  smears  which  were  from  cases  apparently  contracted  in 
Texas  were  examined  by  personnel  of  this  Department.  Other  positives  seen 
were  acquired  in  Mexico  or  other  tropical  countries  or  were  induced  in 
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malaria  therapy  directed  against  syphilis  spirochetes  in  paretics.  At  the  present 
time  malaria  is  almost  non-existent  in  Texas^  with  the  possible  exception  of 
the  lower  Rio  Grande  Valley, 


RELAPSING  fever 

This  tick  borne  spirochete  infection  characterized  by  alternating  febrile 
and  afebrile  periods  commonly  known  as  "relapsing  fever”  has  been  of  general 
interest  in  Texas  since  it  was  first  reported  in  the  state  in  1927.  One  hundred 
cases  of  relapsing  fever  were  confirmed  by  this  Department  by  demonstration 
of  spirochetes  in  thick  films  of  the  patients  blood,  or  in  blood  films  of  rodents 
inoculated  with  a  small  amount  of  the  patients  blood,  during  the  period  June, 
1942  through  May,  1949.  The  cases  occurred  chiefly  in  the  central  part  of 
the  state,  with  scattered  cases  in  all  but  extreme  east  Texas.  During  the  same 
period  of  time,  specimens  of  Ornlthodoros  turicata  have  been  taken  in  44 
Texas  Counties,  with  a  majority  of  the  pools  of  ticks  showing  individuals 
harboring  spirochetes. 

During  1950,  this  Department  confirmed  only  one  case  of  relapsing 
fever.  Texas  physicians  reported  18  cases  in  1950. 

Investigations  of  relapsing  fever  cases  have  indicated  that  the  most 
common  opportunities  for  infected  ticks  to  bite  man  is  afforded  during  the 
course  of  such  activities  as  the  demolition  of  old  structures  (particularly  the 
flooring),  exploring  "bat”  caves,  crawling  under  houses  to  effect  repairs  or 
to  do  termite  work,  and  overnight  occupancy  of  hunting  and  fishing  shacks. 

SUMMARY 

During  1950,  Texas  physicians  and  the  State  Department  of  Health 
reported  the  following  cases  of  diseases,  transmitted  wholly  or  in  part,  by 
arthropods:  dysentery-— 37,52 5  ;  malaria— -1,601 ;  typhus— 222;  tularemia— 
64;  dengue— 24;  relapsing  fever — 18;  Q  fever— 4;  and  spotted  fever— 1. 


ECTOPARASITES  OCCURRING  ON  MAMMALS  IN 
THE  VICINITY  OF  FORT  HOOD,  TEXAS^ 


ROBERT  A.  HEDEEN,  1ST  LT.,  MSC 
Department  of  Preventive  Medicine 
Medical  Field  Service  School 
Fort  Sam  Houston,  Texas 

INTRODUCTION 

This  paper  is  a  sumary  of  work  done  by  the  survey  section  of  the 
498  th  Preventive  Medicine  Company  during  the  winter  and  early  spring  of 
1952,  in  conjunction  with  the  joint  Army-Air  Force  maneuver,  Exercise 
Longhorn.  As  this  area,  in  the  vicinity  of  Fort  Hood,  Texas,  had  not  been 
surveyed  for  ectoparasites  previously,  it  was  considered  advisable  by  the 
writer  to  make  this  survey  for  the  benefit  of  the  maneuver  and  any  other 
future  military  operation  which  may  take  place  in  this  area.  No  new  species 
of  ectoparasites  were  encountered,  but  as  far  as  can  be  determined  several 
new  host  records  were  obtained.  One  new  locality  record  for  the  state  of 
Texas  was  found. 

METHODS 

Several  methods  were  employed  to  collect  the  mammals  that  were 
examined.  Small  rodents  were  trapped  alive  using  a  tin  can-mousetrap  device. 
Number  0  steel  traps  were  useful  for  taking  some  of  the  larger  mammals, 
and  a  20-guage  shotgun  was  most  helpful  in  collecting  rabbits  and  other 
larger  forms. 

As  soon  as  an  animal  was  collected,  it  was  placed  in  a  bag  or  collecting 
jar  and  removed  to  the  laboratory  where  chloroform  was  introduced  into  the 
container.  The  animal  and  the  collecting  receptacle  were  then  placed  in  an 
enamel  pan  and  carefully  examined  for  the  presence  of  ectoparasites.  The 
combing  technique  was  employed  as  was  the  "milking”  method,  as  described 
by  Hubbard  (1947),  to  remove  the  ectoparasites.  In  many  instances  mites 
were  separated  from  the  host  with  a  pair  of  fine  forceps  while  the  host  was 
being  examined  under  the  dissecting  microscope.  Parasites  that  were  not  to  be 
examined  immediately  were  stored  in  vials  containing  70%  alcohol  with  a 
drop  of  glycerine  added.  Fleas  and  mites  were  first  cleared  in  sodium  hydrox¬ 
ide  and  then  mounted  on  slides  for  identification.  Ticks  were  identified  under 
the  dissecting  microscope,  and  sucking  lice  were  examined  with  compound 
and  dissecting  microscopes. 

MEDICAL  IMPORTANCE  OF  THE  ECTOPARASITES  COLLECTED 

Several  species  of  ectoparasites  encountered  have  been  incriminated  in 
disease  transmission.  Their  presence  in  this  area  would  be  of  considerable  epi¬ 
demiological  significance  in  the  event  that  any  of  the  diseases  with  which 
they  are  associated  should  occur.  Existing  conditions  made  it  impossible  to 

1  The  author  is  indebted  to  Lt.  Col.  Robert  Traub,  MSC  Chief,  Department  of 
Entomology,  Army  Medical  Service  Graduate  School,  for  determining  some  of  the 
fleas,  and  for  his  helpful  advice. 
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determine  in  the  laboratory  if  any  of  the  ectoparasites  collected  were  infected 
with  disease  organisms.  The  following  medically  important  species  were 
collected: 

Vectors  of  Endemic  Typhus  Fever.  The  following  fleas  collected  in  this 
survey  have  been  found  by  other  workers  to  be  capable  of  transmitting 
endemic  typhus  fever:  Xenopsylla  cheopis;  Ctenocephalides  felis;  Pulex  ir- 
ritans;  Echidnophaga  gallinacea.  In  addition,  the  sucking  louse  Polyplax 
spimilosa  and  the  mite  Bdellonyssus  bacoti,  which  have  been  long  suspected 
as  playing  an  important  role  in  the  transmission  of  the  typhus  rickettsiae 
from  rodent  to  rodent,  were  collected  in  fairly  large  numbers. 

Vectors  and  Rodent  Reservoirs  of  Plagtie.  Wayson  (1947)  lists  twenty- 
five  species  of  fleas  which  are  proven  vectors  of  sylvatic  plague  in  the  western 
United  States.  Four  of  these  which  were  collected  in  this  survey  are  Cteno¬ 
cephalides  felis,  Orchopeas  sexdentatns,  Pulex  irritans,  and  Xenopsylla  cheo¬ 
pis.  The  following  genera  of  mammals  were  examined  in  this  survey  and  are 
listed  by  Wayson  as  having  been  found  to  be  either  infected  with  sylvatic 
plague  or  harboring  plague-infected  fleas:  Dipodomys;  Peromyscus;  Sigmo- 
don.  Sylvatic  plague  has  been  found  to  occur  in  Dawson,  Cochran,  Gaines, 
and  Yoakum  counties  in  the  state  of  Texas.  The  fleas  Echidnophaga  gallinacea 
^ndOrchopeas  sexdentatns  which  were  collected  during  this  survey  have  been 
found  naturally  infected  with  the  plague  bacillus  in  Texas  (Eads,  1950). 
None  of  the  mammals,  however,  from  which  plague-infected  tissue  was 
taken  in  western  Texas  were  collected  in  this  area. 

Vectors  of  Helminthic  Diseases.  The  fleas  Ctenocephalides  felis  and  Pulex 
irritans,  which  serve  as  both  the  intermediate  host  and  transmitting  agent  of 
the  common  tapeworm,  Dipylidum  caninum,  were,  as  stated  before,  collected 
in  large  numbers  from  a  variety  of  hosts. 

Vectors  of  Tularemia.  The  so-called  rabbit  tick,  Haemaphysalis  leporis- 
palustris,  which  plays  an  important  part  in  the  perpetuation  of  this  disease 
in  nature,  was  found  to  be  abundant  on  all  rabbits  examined.  Amblyomma 
americanum,  the  lone  star  tick,  which  is  also  a  suspected  vector  of  "Bullis 
fever”,  was  collected  frequently  from  a  large  number  of  hosts,  including 
man. 


HOST  INDEX 

Parasites  listed  in  order  of  abundance  within  each  group. 

CLASS  MAMMALIA 
ORDER  CARNIVORA 

( 1 )  Procyon  lotor  fuscipes — Texas  raccoon.  Two  examined. 

SIPHONAPTERA 

Pulex  irritans  L. 

Ctenocephalides  felis  (Bouche) 

(2)  Canis  familiaris  L. — Domestic  dog.  Eleven  examined, 

SIPHONAPTERA  ACARINA 

Pulex  hr  tans  L.  Amblyomma  americanum  L. 

Ctenocephalides  felis  (Bouche)  Dermacentor  variablis  (Say) 
Echidno phaga  gallinacea 
(Westwood) 
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(3)  Felis  domestica  L. — -Domestic  cat.  Seven  examined. 

SIPHONAPTERA 

Ctenoccphalides  felis  (Bouche) 

Piilex  irritans  L. 

Echidna phaga  gallinacea 
(Westwood) 

(4)  Mephitis  vicsomelas  mcsomelas  Lichtenstein — Striped  skunk.  Three 
examined. 

SIPHONAPTERA  ACARINA 

Puiex  irritans  L.  Ixodes  sp. 

Orchopeas  sexdentatus  (Baker)  Ainblyomina  americanum  L. 

ANOPLURA 

Haematopinus  sp. 

(5)  Perognathus  hispidtis  Baird-Pocket  mouse.  Three  examined. 

SIPHONAPTERA  ACARINA 

Orchopeas  leucopus  (Baker)  Androiaelaps  sp. 

(6)  Perognathus  inerriami  Allen-Pocket  mouse.  Two  examined. 

SIPHONAPTERA 

Orchopeas  leucopus  (Baker) 

(7)  Baiomys  taylori  (Thomas) — Taylor’s  field  mouse.  Fifteen  examined. 

SIPHONAPTERA  ACARINA 

Jellisonia  ironsi  (Eads)  Bdellonyssus  bacoti  (Hirst) 

Orchopeas  leucopnis  (Baker) 

Echidnophaga  gallinacea 
(Westwood) 

(8)  Dipodornys  elator  Merriam-Kangaroo  rat.  One  examined. 

SIPHONAPTERA 

Mcringis  arachis  (Jordan) 

(9)  Peromyscus  leucopus  texanus  (Woodhousc) — White-footed  mouse. 
Eight  examined. 

SIPHONAPTERA  ACARINA 

Orchopeas  leucopus  (Baker)  Bdellonyssus  bacoti  (Hirst) 

Meringis  par  her  i  Jordan 
Jellisonia  ironsi  (Eads) 

(10)  Peromyscus  boylii  (Baird) — Rock  mouse.  Nine  examined. 

SIPHONAPTERA  ACARINA 

Orchopeas  leucopus  (Baker)  Bdellonysstis  bacoti  (Hirst) 
Atyphloceras  echis  Jordan  and  Echinolaelaps  echidninus  (Berlese) 
Rothschild 

(11)  Peromyscus  pectoralis  Osgood — Acorn  mouse.  Nineteen  examined. 

SIPHONAPTERA  ACARINA 

Orchopeas  leucopus  (Baker)  Bdellonyssus  bacoti  (Hirst) 
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(12)  Peromyscus  manlculatus  (Wagner) — White-footed  mouse. 

Twelve  examined. 

SIPHONAPTERA  ACARINA 

Orchopeas  leticopns  (Baker)  Bdellonysstis  bacoti  (Hirst) 

Meringis  parkeri  (Jordan) 

(13)  Sigmodon  hispidiis  (Audubon  and  Bachman) — Cotton  rat. 

Two  examined. 

SIPHONAPTERA 

Ecbtdnophaga  gallinacea  (Westwood) 

(14)  Mils  tmisculus  L. — House  mouse.  Forty-five  examined. 

SIPHONAPTERA  ACARINA 

Xenopsyila  cheopis  (Rothschild)  Bdellonysstis  bacoti  (Hirst 

Echidnophaga  gallinacea  (Westwood)  Laelaps  nut t alia  (Hirst) 

ANOPLURA 

Polyplax  spinulosa  (Burmeister) 


ORDER  LAGOMORPHA 

(15)  Lepus  californicns  Gray-Black-tailed  jackrabbit. 

Eleven  examined. 

SIPHONAPTERA  ACARINA 

Pulex  irritans  L.  Hoplopsyllus  af finis  (Baker) 

Polyplax  spiniilosHS  (Burmeister)  Haemaphysalis  leponis  palustris 

(Packard) 

(16)  Sylvilagus  florid  anus  (Allen) — Cotton  rabbit. 

Four  examined. 

SIPHONAPTERA  ACARINA 

Hoplopsyllus  affinis  (Baker)  Haemaphysalis  leporis palustris 

Cediopsylla  simplex  (Baker)  (Packard) 

ORDER  XENARTHRA 


(17)  Dasypus  novemcinctus  texanus  (Bailey) — Texas  armadillo.  One  ex¬ 
amined. 


ACARINA 

Amblyomma  americanus  L. 


ORDER  ARTIODACTYLA 

(18)  Bos  taurus  L. — Domestic  cow.  Twelve  examined. 

SIPHONAPTERA  ACARINA 

Pulex  irritans  L.  Amblyomma  americanum  L. 

Otobius  megnini  (Duges) 

(19)  S#/5  scrofa  L. — Domestic  hog.  Eight  examined. 

SIPHONAPTERA  ACARINA 

Pulex  irritans  L.  Amblyomma  americanum  L. 

ANOPLURA 

Haematopinus  suis  L. 
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(20)  Ovh  arks  L,— Domestic  sheep.  Five  examined, 

diptera 

Meiophagtis  ovinus  L. 

(21)  Myoiis  velifer  (Allen)— Cave  Bat.  Ten  examined. 

diptera  acarina 

Trichobim  major  Coquillet  Chiroptonyssns  robustipes  (Ewing) 

NEW  flea  host  records 

Based  on  Eads  (1950)^  the  following  appear  to  represent  new  flea  host 
records  for  the  State  of  Texas; 

Perognathus  merrami  (Allen) 

Baiomys  taylori  (Thomas) 

Dipodomys  elator  (Merriam) 

Peromyscus  leucopus  texamis 
( Woodhouse) 

Peromyscus  boylii  (Baird) 

Peromyscus  pec  tor  alls  (Osgood) 

Peromyscus  maniculatus  (Wagner) 


NEW  FLEA  RECORD  FOR  TEXAS 

As  far  as  can  be  determined  no  member  of  the  genus  Atyphloceras  has 
been  reported  to  occur  in  the  state  of  Texas.  One  specimen  of  A,  echis  Jordan 
and  Rothschild  was  collected  from  Peromyscus  boylii  (Baird) . 

SUMMARY 

A  survey  of  the  ectoparasites  of  various  mammals  in  the  vicinity  of 
Fort  Hood,  Coryell  County,  Texas,  was  made  by  the  survey  section  of  the 
498th  Preventive  Medicine  Company  during  the  winter  and  early  spring 
of  1952.  Two  hundred  mammals  representing  twenty-one  species  were  ex¬ 
amined  during  the  course  of  this  investigation.  Twelve  species  of  fleas, 
five  species  of  ticks,  six  different  mites,  three  types  of  sucking  lice,  and 
two  species  of  parasitic  diptera  are  listed  from  this  area.  New  host  and 
locality  records  are  given  and  the  species  of  ectoparasites  of  medical  im¬ 
portance  are  pointed  out. 
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Ore  ho  peas  leucopus  (Baker) 
Orchopeas  leucopus  (Baker) 
Enchidnophaga  gallinacea  (Westwood) 
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Echidnophaga  gallinaces  (Westwood) 

Orchopeas  leucoptis  (Baker) 
Orchopeas  leucoptis  (Baker) 

Ore  ho  peas  leiico  pus  ( Baker ) 

Meringis  pakeri  (Jordan) 


FERTILITY  STATUS  OF  CULTIVATED  SOILS  IN 
WICHITA  COUNTY,  TEXAS 


WILLIAM  O.  TROGDON 
Midwestern  University 

During  periods  of  national  emergencies  agriculture  is  called  upon  for 
increased  production.  In  the  past,  farmers  have  assumed  the  responsibility 
for  success  in  meeting  the  challenge  to  agricultural  production  by  expand¬ 
ing  acreage,  making  more  use  of  mechanized  equipment  and  using  improved 
production  methods.  Just  as  the  great  but  absolutely  necessary  shift  from 
the  highly  wasteful  farming  practiced  during  the  years  of  World  War  II 
was  on,  another  international  crisis  confronted  us  and  the  farmer  was  again 
called  upon  for  increased  production.  Immediate  increased  production  does 
not  usually  allow  an  operator  to  follow  a  long-time  plan.  He  must  respond 
with  more  production  of  the  critical  crops,  usually  clean-tilled  ones — 
cotton,  corn,  grain  sorghums,  vegetables  and  other  products  needed  for 
human  and  animal  consumption  and  for  defense  manufacturing.  This, 
together  with  the  shortage  which  defense  creates  in  the  fertilizer  output, 
generally  postpones  programs  designed  to  maintain  and  improve  the  fer¬ 
tility  of  the  soil. 

Farmers  and  ranchers  in  Wichita  County  are  vitally  concerned  with 
increasing  per  acre  yields  by  making  full  use  of  improved  production  meth¬ 
ods  and  at  the  same  time  rebuilding  soils  of  the  area  to  a  higher  state  of 
productivity  and  stopping  the  decline  in  soil  fertility. 

Field  inspections,  both  from  the  ground  and  from  the  air,  furnish 
sufficient  proof  that  maximum  productivity  is  not  being  obtained  from 
many  acres  of  farm  land  due  to  erosion,  poor  physical  condition  of  the  soil, 
lack  of  fertility  and  failure  to  use  improved  production  methods.  While 
high  productivity  is  the  over-all  result  of  many  things  (3,6)^,  such  as 
good  weather,  a  good  supply  of  necessary  elements,  good  seeds,  good  farm¬ 
ing  methods  and  a  soil  that  has  good  physical  properties,  very  little  infor¬ 
mation  is  available  to  accurately  determine  the  factor  or  factors  limiting 
production.  Lack  of  moisture,  except  for  the  irrigated  area,  often  renders 
farming  operations  unsatisfactory,  but  even  during  seasons  of  good  weather 
many  farmers  are  not  able  to  obtain  high  productivity. 

This  study  of  the  fertility  status  of  cultivated  soils  in  Wichita  County 
was  made  to  determine  whether  higher  production  could  be  obtained  from 
increased  soil  fertility  or  whether  other  factors  were  complicating  produc¬ 
tivity.  Farmers  need  such  information  in  order  to  obtain  the  most  economi¬ 
cal  returns  from  the  use  of  fertilizers  and  other  improved  production 
methods. 

CLIMATE  AND  SOILS 

Wichita  County  is  located  in  the  extreme  northern  part  of  Texas  on 
the  eastern  edge  of  the  Rolling  Plains  region.  The  county  is  almost  equi¬ 
distant  from  the  eastern  and  western  sides  of  the  State. 


1  Figures  in  parenthesis  refer  to  "Literature  Cited’’. 
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The  climate  is  temperate,  subhumid  and  rather  variable  (2).  The  wide 
variation  in  rainfall,  ranging  from  about  15  to  47  inches,  with  May-June 
and  September-October  being  the  wetter  months,  has  resulted  in  the  devel¬ 
opment  of  soils  whose  physical  characteristics  resemble  those  of  both  the 
humid  and  semiarid  regions,  but  whose  dominant  characteristics  are  more 
like  those  of  the  semiarid  soils  ( 1 ) . 

Carter  et  al  ( 1 )  found  the  "Red  Beds”  clays,  with  associated  inter- 
bedded  sandstones,  mudstones,  and  clay  shale  layers,  to  have  given  rise  to 
the  largest  areas  of  soil  in  the  county.  The  sedimentary  soils  are  largely  de¬ 
posits  of  materials  washed  from  the  "Red  Beds”  areas.  The  three  broad 
groups  of  soils  in  the  county  are  the  dark  colored  soils,  the  red  soils  and 
the  brownish  red  soils.  In  these  groups  are  nine  soil  series,  which  include  2  5 
soil  types  and  5  phases. 

PROCEDURES  AND  METHODS 

In  this  study  322  topsoil  and  290  subsoil  samples  from  5  5  irrigated 
and  6  5  non-irrigated  farms,  representing  all  the  soil  series  in  the  county, 
were  analyzed.  These  farms  represent  10  percent  of  the  farms  in  Wichita 
County.  The  soil  samples,  with  the  exception  of  the  subsoil  samples  which 
were  not  analyzed  for  organic  matter  content,  were  analyzed  for  easily 
oxidizable  organic  matter,  easily  soluble  phosphorus,  exchangeable  and 
soluble  potassium,  calcium  and  sodium.  pH  and  specific  conductivity  were 
also  determined  on  each  sample. 

Soil  samples  were  air  dried  and  crushed  to  pass  a  sieve  with  2  milli¬ 
meter  openings.  pH  and  specific  conductivity  were  determined  on  a  1:2 
soil-water  ratio,  using  a  glass  electrode  and  a  Sol-U-Bridge  soil  tester.  Or¬ 
ganic  matter  was  determined  by  the  modified  Walkley  and  Black  method 
as  outlined  by  Peech  et  al  (4).  For  easily  soluble  phosphorus  5  grams  of 
soil  were  extracted  with  100  cc  of  O.lN  acetic  acid  for  3  0  minutes  with 
the  phosphorus  being  determined  on  aliquots  of  the  filtered  supernatant 
liquid  by  the  method  of  Truog  (7).  Soluble  and  exchangeable  calcium,  po¬ 
tassium  and  sodium  leached  and  displaced  from  the  soil  with  1 : 5  ratio  of 
neutral  normal  ammonium  acetate  ( 5 )  were  determined  by  the  direct  in¬ 
tensity  method  using  a  Perkin-Elmer  Flame  Photometer. 

DISCUSSION  AND  RESULTS 

The  fertility  levels  or  adjective  ratings  used  in  this  study  correspond 
closely  with  those  used  by  the  Soil  Conservation  Service  Regional  Operational 
laboratory  and  the  soils  laboratory  at  Texas  A  &  M  College. 

For  maximum  productivity  of  most  crops,  if  climatic  conditions  are 
suitable,  the  fertility  rating  should  be  medium  or  higher.  In  this  study 
sodium  is  used  as  an  indication  of  poor  physical  conditions  rather  than  as 
a  plant  nutrient  and  the  lower  the  sodium  content  the  better.  Unpublished 
data  by  the  author  indicate  that  when  the  calcium: sodium  ratio  in  these 
soils  is  less  than  20:1  poor  physical  condition  of  the  soil,  due  in  part  to 
dispersion  of  the  colloidal  clay,  tends  to  limit  yields  more  than  the  fertility 
level. 

Table  1  shows  the  number  of  topsoil  and  subsoil  samples  in  each  rating. 
Table  2  gives  the  percentages  of  topsoil  and  subsoil  samples  for  each  rating. 
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The  most  outstanding  fact  shown  by  these  data  is  that  more  soils  have 
an  inadequate  supply  of  organic  matter  and  nitrogen,  since  organic  matter 
and  nitrogen  are  approximately  proportional,  than  any  other  fertility  ele¬ 
ment.  82.3  percent  of  the  topsoil  samples  were  either  low  or  lower  in  organic 
matter  and  those  samples  in  the  low  to  medium  rating  should  benefit  either 
directly  or  indirectly  from  an  increase  in  high  quality  organic  matter,  mak¬ 
ing  a  total  of  94.4  percent  of  the  soils  in  which  increasing  the  organic 
matter  content  is  a  problem.  Not  only  would  increasing  the  organic  matter 
content  affect  the  fertility  level  of  the  other  plant  nutrients  but  also  the 
physical  properties  of  the  soil,  aeration  and  water  relationships  (3). 

5  5.7  percent  of  the  topsoil  and  79.3  percent  of  the  subsoil  samples 
showed  an  inadequate  supply  of  available  phosphorus,  especially  for  those 
crops  with  higher  than  average  phosphorus  requirements.  Using  phosphate 
fertilizers  for  legumes  on  phosphate  deficient  soils  is  now  accepted  by  most 
farmers  as  an  improved  production  practice.  This  practice,  together  with 
returning  residues  to  the  land  and  tillage  methods,  helps  to  account  for 
the  topsoil  being  better  supplied  with  available  phosphorus  than  the  subsoil. 

At  the  present  time  very  few  soils  in  Wichita  County  are  not  ade¬ 
quately  supplied  with  potassium  and  calcium.  Potassium  deficiency  was 
found  in  only  7.1  percent  of  the  topsoil  and  18.7  percent  of  the  subsoil 
samples.  Only  5  topsoil  samples  and  1  subsoil  sample  were  deficient  in  cal¬ 
cium.  Some  of  our  soils  probably  contain  too  much  active  calcium,  especi¬ 
ally  in  rather  severely  eroded  areas. 

The  calcium: sodium  ratio  is  a  fairly  good  index  of  some  physical 
properties  that  might  be  limiting  crop  production.  When  the  ratio  is  narrow 
the  clay  tends  to  be  dispersed,  clogging  the  soil  pores,  impeding  water  move¬ 
ment  through  the  profile,  affecting  aeration  and  causing  severe  crusting  of 
the  surface.  Consequently,  poor  physical  condition  of  the  soil  aggravated 
by  too  much  sodium  is  likely  to  affect  the  productivity  of  about  half  of 
the  soils  in  the  county  since  48.1  percent  of  the  topsoil  and  56.5  percent 
of  the  subsoil  samples  contained  an  overabundance  of  sodium.  The  data 
show  that  soils  generally  contain  very  low  amounts  of  sodium  or  else  very 
high  amounts.  There  tends  to  be  little  gradation  as  in  the  case  of  organic 
matter,  potassium  and  calcium. 

pH  for  most  of  the  samples  ranged  from  about  6.1  to  8.6  with  the 
greater  percentage  of  samples  being  neutral  or  slightly  alkaline.  Specific 
conductivity  varied  considerably,  depending  on  the  internal  drainage  con¬ 
dition  of  the  soil,  but  tending  to  be  higher  in  the  more  compact  clays. 

The  data  obtained  in  this  study  indicate  that  cropping  systems  and 
practices  which  will  increase  the  organic  matter  content  of  the  soil  and 
open  the  subsoil  so  that  excessive  sodium  can  be  leached,  together  with 
supplemental  nitrogen  and  phosporus  fertilization  to  improve  the  quality  of 
organic  matter,  are  needed  to  raise  the  fertility  level  of  cultivated  soils  in 
Wichita  County  for  higher  productivity.  The  use  of  nitrogen  and  phosphorus 
fertilizers  without  considering  the  need  for  cropping  practices  to  improve 
the  soil  physical  condition  is  apt  to  be  disappointing  unless  the  soil  is  in 
good  physical  condition. 

At  the  present  time  there  is  very  little  need  for  potash  fertilization 
and  practically  no  need  for  any  extra  calcium  as  a  plant  nutrient.  Demon¬ 
strations  and  unpublished  data  obtained  on  many  of  these  soils  have  shown 
extra  calcium,  especially  as  gypsum,  to  be  a  good  practice  in  bringing  about 
better  soil  structure.  Gypsum,  as  a  soil  conditioner,  is  needed  on  many  of 
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the  high  sodium  soils  in  order  to  promote  flocculation  and  granulation,  espe¬ 
cially  where  deeper  rooted  legume  plants  are  used  to  penetrate  the  subsoil 
and  improve  internal  drainage. 


SUMMARY 

The  fertility  status  of  cultivated  soils  in  Wichita  County,  Texas,  has 
been  studied.  Data  are  included  to  show  the  various  fertility  ratings  of 
the  topsoil  and  subsoil  samples,  as  determined  by  chemical  means  in  the 
laboratory.  94  percent  of  the  topsoil  samples  were  found  to  be  deficient  in 
organic  matter,  and  probably  in  nitrogen,  since  they  are  approximately  pro¬ 
portional.  Over  half  of  the  topsoil  samples  showed  a  need  for  additional 
phosphorus,  but  very  few  samples  indicated  a  need  for  additional  potash  or 
lime.  Nearly  half  of  the  soils  contained  sufficient  sodium  to  bring  about 
poor  physical  condition  which  might  limit  productivity. 

In  order  to  obtain  higher  productivity  many  farmers  will  have  to  adopt 
cropping  systems  that  will  improve  the  organic  matter  content  of  their 
soils.  Using  nitrogen  and  phosphorus  fertilizers,  especially  for  legumes  and 
grasses  that  are  to  be  returned  to  the  soil,  to  raise  the  fertility  level  of  the 
soil  at  the  same  time  the  physical  condition  is  being  improved,  will  result 
in  increased  per  acre  yield  on  many  farms  in  Wichita  County,  Texas. 
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THE  DEVELOPMENT  OF  ECOLOGY  AND  ITS  RELATIONSHIP 
TO  PALEONTOLOGY 


GORDON  GUNTER 
Institute  of  Marine  Science 
The  University  of  Texas 

Ecology,  encompassing  as  it  does  all  phenomena  of  life  in  nature,  is 
complicated  and  is  not  yet  as  crystallized  as  the  other  biological  sciences. 
There  is  some  disagreement  over  the  importance  of  various  observed  phe¬ 
nomena  and  about  the  basic  philosophy  of  the  subject,  especially  on  how 
ecology  should  be  studied  or  approached.  Ecologists  are  agreed  that  they 
are  concerned  with  the  relationships  of  organisms  to*  the  total  environment, 
but  their  books  and  papers  show  that  after  starting  from  this  common  point 
they '  travel  quite  different  paths.  This  is  clearly  shown  by  a  comparison  of 
the  major  textbooks  in  English  cited  at  the  end  of  this  paper. 

HISTORY  AND  DEVELOPMENT  OF  ECOLOGY 

As  a  definitive  science  ecology  is  rather  young  and  it  was  less  than 
fifty  years  ago  that  common  agreement  about  the  name  was  reached.  Never¬ 
theless,  its  roots  are  old  and,  as  Elton  (1927)  has  stated,  it  is  simply  scien¬ 
tific  natural  history.  In  the  broad  sense  man  has  studied  and  observed  natural 
history  from  its  beginning,  with  little  attempt  to  record  or  analyze  the 
facts.  With  the  growth  of  science  naturalists  begin  to  weigh  and  measure, 
to  observe  with  a  purpose,  to  analyze  and  concoct  theories  about  the  thin 
blanket  of  life  on  the  earth  and  to  study  it  quantitatively  in  nature.  Then 
natural  history  passed  from  what  Lankester  (  1889)  termed  the  lore  of  the 
farmer  to  the  status  of  a  science. 

Since  it  is  scarcely  possible  to  treat  of  an  organism  to  any  considerable 
extent  without  discussing  its  relations  tO’  the  environment,  many  of  the 
older  naturalists  were  good  ecologists,  although  they  may  never  have  heard 
the  term.  One  cannot  read  the  works  of  Darwin,  Wallace,  Semper,  Bates 
and  certain  others  without  being  impressed  with  their  grasp  of  what  is  now 
called  ecology.  Probably  their  primary  concern  with  evolution  prevented 
more  extensive  exposition  of  their  ecological  conceptions.  Wheeler  (1902) 
in  refutation  of  the  assertion  that  zoologists  had  neglected  the  field  of  ecol¬ 
ogy,  which  he  called  ethology,  named  fifty-one  workers  who^  had  contributed 
to  the  field  in  various  ways.  This  point  is  of  some  importance  tO'  the  his¬ 
tory  of  the  subject  because  some  ecologists  seem  to  think  the  science  and 
its  major  concepts  sprang  full-blown  in  their  own  heads.  To  the  contrary, 
the  subject  has  developed  slowly  and  many  of  the  earlier  biologists  showed 
in  their  writings  a  progressive  appreciation  of  it.  We  can  agree  with  Elton 
that  ecology  was  developed  into  a  science  by  the  brilliant  naturalists  before 
and  at  the  time  of  Charles  Darwin. 

The  French  savant,  Buffon  (1749-1804)  opposed  mere  exposition  of 
morphology  and  devoted  his  natural  history  of  animals  tO'  consideration 
of  their  habits  and  adaptations  to  their  environments.  Saint-Hilaire  (1859) 
proposed  the  word  ethology  for  "the  external  vital  manifestations  of  or- 
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ganisms,”  and  spoke  of  ethological  laws.  He  died  before  writing  the  fourth 
volume  of  his  work,  in  which  he  intended  to  treat  the  subject.  Haeckel 
(1869,  p,  3  53  )  proposed  the  term  "oekologie”  for  "the  relations  of  the 
animal  to  its  organic  as  well  as  to  its  inorganic  environment.”  He  first  used 
the  word  in  1866  in  his  Generelle  Morphologie  der  Organismen.  Had 
Haeckel  included  the  flora  in  his  definition  it  would  have  been  complete. 

Several  early  marine  biologists  became  interested  in  zonation  of  organ¬ 
isms  along  the  shores  and  the  shallow  sea.  The  writings  of  some  were  over¬ 
looked  because  of  poor  dissemination  and  they  had  little  influence,  while 
others  were  widely  read.  Zonation  divisions  set  up  by  Audouin  and  Milne 
Edwards  in  1803  were,  according  to  Gislen  (1930),  quoted  with  "touch¬ 
ing  constancy  in  France”  for  fifty  years.  M.  Sars  in  183  5  studied  zonation 
in  Norway.  At  this  time  various  botanists  described  the  marine  algal  zones. 
Edward  Forbes  (1844)  did  the  first  influential  work  on  marine  zonation  in 
England  and  discussed  marine  biology  from  the  ecological  view.  No  history 
of  marine  ecology,  even  a  brief  one,  is  complete  without  mention  of  the 
works  of  that  strange  genius,  Philip  Gosse  (  18  53  ),  who  greatly  forwarded 
the  study  of  marine  biology.  His  tide  pool  studies  and  discussions  of  littoral 
biology  had  a  strong  ecological  bent. 

In  spite  of  these  beginnings,  the  discoveries  of  Darwin  and  the  general 
evolution  ferment  of  the  times  had  the  effect  of  confining  most  biologists 
to  their  laboratories,  where  work  was  largely  morphological  and  physio¬ 
logical.  Herdman  (1896)  thought  it  "remarkable”  that  the  impetus  given 
by  Darwin’s  work  to  biological  investigation  was  chiefly  directed  to  prob¬ 
lems  of  structure  and  development  and  not  so  much  to  field  studies.  He 
noted,  however,  that  interest  was  turning  to  "bionomics,”  as  a  result  of 
concern  with  variation,  which  also  stemmed  from  Darwin’s  work,  and 
the  desire  of  biologists  to  study  it  in  nature.  He  also  drew  attention  to  the 
relation  of  bionomics,  as  he  called  ecology,  to  fisheries  and  oceanography. 
In  this  connection  the  work  of  Verrill  (1873)  on  the  invertebrate  fauna 
of  Vineyard  Sound  is  particularly  worthy  of  note.  He  listed  all  species  he 
could  find  from  the  various  types  of  marine  environments  in  that  region, 
discussed  their  habits  and  distributions  in  relation  to  the  physical  environ¬ 
ment  and  also  gave  their  known  distribution  in  geological  horizons.  The 
nine  aims,  listed  in  his  introduction,  "all  more  or  less  connected  with  the 
investigations  of  the  fisheries,”  show  a  broad  ecological  viewpoint.  His  work 
was  a  hallmark  in  general  marine  biology  and  is  still  a  valuable  reference. 
While  working  on  oyster  reefs  in  the  North  Sea,  M5bius  (1877)  first  rec¬ 
ognized  and  defined  an  organic  community  or  biocenose.  At  this  time  Forel 
in  Switzerland  was  founding  the  science  in  limnology.  Henson  in  1887 
first  studied  the  marine  plankton  quantitatively.  The  Challenger  Expe¬ 
dition  raised  many  ecological  questions  and  stimulated  thought  in  that  di¬ 
rection.  S.  H.  Forbes  working  in  fresh  water  fisheries  and  economic  zoology 
in  Illinois,  expounded  the  ecological  point  of  view.  The  botanists,  Grisebach, 
Warming,  Schimper  and  others  (see  Clements,  1905)  were  developing  the 
ideas  of  plant  associations  and  communities,  between  183  8  and  1898.  It 
may  be  said  that  in  zoology  until  around  1900  the  science  of  ecology  de¬ 
veloped  and  grew  more  as  a  handmaiden  to  oceanography  and  fisheries,  espe¬ 
cially  the  latter,  than  as  a  study  or  subject  of  its  own.  At  that  time  a  new 
view  began  to  be  manifested  and  interest  in  ecology  and  its  principles  per 
se  came  into  vogue.  Burdon-Sanderson  (1893),  in  his  presidential  address 
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before  the  British  Association,  clearly  expressed  the  matter  and  described 
the  relations  of  the  "new”  science  to  the  others  in  the  following  remarks: 

Now  the  first  thing  that  strikes  us  in  beginning  to  think  about  the 
activities  of  an  organism  is  that  they  are  naturally  distinguishable  into  two 
kinds,  according  as  we  consider  the  action  of  the  whole  organism  in  its 
relation  to  the  external  world  or  to  other  organisms,  or  the  action  of  the 
parts  or  organs  in  their  relation  to  each  other.  The  distinction  to  which 
we  are  thus  led  between  the  mternal  and  external  relation  of  plants  and 
animals  has  of  course  always  existed,  but  has  only  lately  come  into  such 
prominence  that  it  divides  biologists  more  or  less  completely  into  two 
camps — on  the  one  hand  those  who  make  it  their  aim  to  investigate  the 
actions  of  the  organism  and  its  parts  by  the  accepted  methods  of  physics 
and  chemistry,  carrying  this  investigation  as  far  as  the  conditions  under 
which  each  process  manifests  itself  will  permit;  on  the  other,  those  who 
interest  themselves  rather  in  considering  the  place  which  each  organism 
occupies,  and  the  part  which  it  plays  in  the  economy  of  nature.  It  is 
apparent  that  the  two  lines  of  inquiry,  although  they  equally  relate  to  what 
the  organism  does,  rather  than  to  whar  it  ts,  and  therefore  both  have  equal 
right  to  be  included  in  the  one  great  science  of  life,  or  biology,  yet  lead 
in  directions  which  are  scarcely  even  parallel.  So  marked,  indeed,  is  the 
distinction,  that  Professor  Haeckel  some  twenty  years  ago  proposed  separate 
study  of  the  organisms  with  reference  to  their  place  in  nature  under  the 
designation  of  'oecology,’  defining  it  as  comprising  'the  relations  of  the 
animal  to  its  organic  as  well  as  to  its  inorganic  environment,  particularly 
its  friendly  or  hostile  relations  to  those  animals  or  plants  with  which  it 
comes  into  direct  contact.’  Whether  this  term  expresses  it  or  not,  the  dis¬ 
tinction  is  a  fundamental  one.  The  two  branches  have  this  in  common,  that 
both  studies  fix  their  attention  not  on  stuffed  animals,  butterflies  in  cases, 
or  even  microscopial  sections  of  the  animal  or  plant  body — -all  of  which 
relate  to  the  framework  of  life — -but  on  life  itself. 

Brooks  (1899)  said,  "The  physical  sciences  deal  with  the  external 
world,  and  in  the  laboratory  we  study  the  structure  and  activities  of  or¬ 
ganisms  by  very  similar  methods;  but  if  we  stop  there,  neglecting  the  rela¬ 
tion  of  the  living  being  to  its  environment,  our  study  is  not  biology  or  the 
science  of  life.”  Brooks  strongly  championed  the  ecological  point  of  view, 
although  he  did  not  call  it  that,  and  indicated  in  one  of  his  lectures  that 
the  biological  laboratory  which  leaves  out  the  outside  world  is  "a  monstrous 
absurdity.”  He  also  pointed  out  that  the  greatest  scientific  generalization 
of  his  day  (the  law  of  evolution)  was  reached  independently  by  two  men 
"who  were  eminent  in  their  familiarity  with  living  things  in  their  homes.” 

There  was  some  discussion  at  this  time,  both  in  America  and  Europe, 
about  the  proper  term  for  the  new  science  which  was  developing  in  the 
biological  field.  Ecology  was  originally  called  bionomy  or  bionomics  by 
many  workers.  In  Germany  it  was  also  known  as  Biologic  until  around  1900. 
Those  interested  in  the  growth  of  conceptions  concerning  ecology  should 
consult  W.  M.  Wheeler  (1902),  the  famous  insect  sociologist,  who  became 
interested  in  the  subject  and  argued  for  adoption  of  Saint-Hilaire’s  name, 
ethology.  His  argument  on  etymological  and  other  grounds  was  good. 
Nevertheless  Haeckel’s  ecology  finally  won  the  day,  doubtless  because  its 
proponents,  chiefly  the  botanists  in  the  beginning,  were  farther  ahead  with 
plant  ecology,  did  more  ecological  work  and  used  their  term  more  often. 

Several  definitions  of  ecology  have  been  given.  Those  of  Saint-Hilaire, 
Haeckel  and  Elton  have  been  mentioned.  Adams  (1913)  stated  that  ecology 
is  concerned  with  the  responses  of  organisms  to  their  complete  environ¬ 
ments.  Shelf ord  (1913)  said,  "The  study  of  organisms  in  relation  to  environ¬ 
ment  is  entitled  ecology.  The  definition  of  ecology,  like  that  of  any  grow- 
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ing  science,  is  a  thing  to  be  modified  as  the  science  itself  is  modified,  crystal¬ 
lized,  and  limited.  At  present,  ecology  is  that  branch  of  general  physiology, 
which  deals  tvith  the  organism  as  a  whole,  with  its  general  life  processes, 
as  distingjiished  from  the  more  special  physiology  of  organs  and  which  also 
considers  the  organism  with  particular  reference  to  its  usual  environment.” 
Pearse  (1939)  said,  "Ecology  is  the  branch  of  biological  science  that  deals 
with  relations  of  organisms  and  environments.  It  is  concerned  with  re¬ 
sponses  of  whole  organisms,  or  groups  of  organisms,  to  environmental 
stimuli,  and  with  changes  in  environments  brought  about  by  activities  of 
organisms.”  Clements  and  Shelford  (1939)  said,  "Ecology  is  in  large 
measure  the  science  of  community  populations.” 

It  is  difficult  to  improve  upon  these  definitions.  Probably  the  one 
given  by  Adams  is  the  most  succinct  and  inclusive.  One  thing  in  particu¬ 
lar  deserves  emphasis.  Ecology  is  closely  related  to  physiology  in  that  both 
are  studies  of  life  or  dynamic  phenomena.  One  considers  the  organism  as 
a  unit  dynamic  system  with  laws  of  its  own  internal  operation  as  a  proto¬ 
plasmic  or  living  system;  the  other  considers  the  organisms  as  a  unit  with¬ 
in  a  larger  system,  where  the  phenomena  and  laws  of  operation  and  reaction 
are  of  a  different  order  and  rank.  The  physiologist  may  work  without  much 
attention  to  ecology  and  in  many  respects  his  job  is  simpler,  but  ecologists 
can  not  work  their  field  without  attention  to  physiology.  Neither  field  is 
far  enongh  advanced  for  physiology  to  tell  what  an  organism  or  group  of 
organisms  will  do  in  nature,  but  it  certainly  defines  the  limits  of  what  they 
can  do.  Shelford  (1929)  has  pointed  out  that  one  of  the  great  difficulties 
of  ecology  is  the  fact  that  the  physiology  of  the  organisms  studied  is  little 
known.  Another  difficulty  and  a  very  complex  one  is  the  fact  that  in  ecol¬ 
ogy  to  some  extent  the  whole  world  is  the  stage  and  this  environment  is 
incompletely  known  and  understood.  The  problem  of  the  ecologist  is  to 
sift  the  information  of  physiology  on  one  hand,  and  of  the  environment 
on  the  other,  and  use  it  to  describe  and  elucidate  the  laws  of  life  on  the 
earth.  The  complexity  of  the  task  has  led  to  a  mental  struggle  for  unity 
of  view,  to  much  philosophizing  about  ecology,  and  also  to  a  concentra¬ 
tion  upon  certain  aspects  of  the  problem  with  over-emphasis  of  individual 
interests. 

Interest  in  ecology  and  its  principles  per  se  first  arose  at  the  beginning 
of  this  century  largely  as  a  result  of  the  studies  of  plant  communities  by 
Warming  (1909  and  earlier)  in  Denmark  and  Clements  (1905)  in  this 
country.  They  were  quickly  followed  by  Shelford  (1913)  from  the  zoologi¬ 
cal  side,  who  has  contributed  extensively  to  the  study  of  animal  communi¬ 
ties  in  North  America.  Clements  and  Shelford  have  probably  been  more 
active  than  any  other  workers  as  exponents  of  the  subject  of  ecology  for 
its  sake,  but  always  with  heavy  emphasis  on  organic  communities.  The 
quantitative  work  of  the  Danish  marine  zoologist  Peterson  on  bottom  fauna, 
carried  out  for  twenty-five  years  in  the  first  part  of  this  century,  has  been 
very  influential  both  in  marine  ecology  and  ecology  in  general.  Elton  (1927) 
in  England  has  also  contributed  much  to  animal  ecology,  with  emphasis  on 
populations  and  numbers  of  animals. 

Up  until  the  time  certain  workers  became  interested  in  biotic  com¬ 
munities,  ecology  was  actually  a  point  of  view,  as  Clements  (1918)  stated, 
or  a  method  of  approach  for  the  study  of  other  problems  which  were  con¬ 
sidered  primary,  such  as  evolution,  adaptation  and  variation,  or  the  special 
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problems  of  fisheries,  forestry  and  oceanography.  Workers  with  this  atti¬ 
tude  usually  worked  in  ecology  for  a  while  without  continuity,  and  often 
after  a  time  quitted  the  field  entirely.  On  the  other  hand  the  recognition  of 
biotic  communities  opened  up  a  field  of  such  unique  character  that  certain 
workers  became  stimulated  by  studies  of  these  phenomena  for  their  own 
sake,  without  any  necessary  relation  to  other  problems  such  as  those  just 
mentioned.  Such  workers  have  not  had  more  engaging  interests,  have  stuck 
to  ecology,  have  been  active  in  the  societies  and  supported  journals,  at  least 
in  this  country,  and  have  been  energetic  proponents  of  the  science.  For 
that  reason  ecology  in  America  has  been  strongly  colored  by  interest  in 
biotic  communities.  This  aspect  of  the  subject  has  doubtless  been  over¬ 
emphasized  and  it  has  been  asserted  that  life  histories  and  autecology  (the 
study  of  one  species)  are  of  little  importance.  This  situation  and  the  exces¬ 
sive  terminology  invented  by  some  workers  have  alienated  the  interest  of  a 
large  number  of  biologists,  especially  the  zoologists,  in  ecology.  Ecology 
by  right  and  definition  includes  biogeography,  much  of  life  history  studies, 
all  autecology  and  the  study  of  biotic  communities  as  well.  As  a  matter 
of  fact  no  biotic  community  can  ever  be  analyzed  or  understood  until  life 
history  and  autecological  studies  are  made  of  every  individual  species  and 
these  data  are  interlaced  with  the  usual  static  description  of  a  community 
for  a  full  explanation  of  its  dynamics.  Full  study  of  a  biotic  community 
would  require  large  teams  of  workers  and  none  has  ever  been  made. 

It  is  well  recognized  that  in  the  study  of  natural  communities  of  or¬ 
ganisms  botanists  have  progressed  further  and  faster  than  zoologists.  As 
Elton  (1927)  has  pointed  out,  the  reasons  are  two.  Taxonomy  is  a  huge 
problem  to  ecologists  and  since  there  are  fewer  plant  than  animal  species, 
a  working  knowledge  of  plant  taxonomy  was  attained  by  botanists  first. 
The  taxonomic  task  is  still  far  from  complete  in  either  field,  but  gaps  on 
the  zoological  side  are  much  greater.  Secondly,  plants  do  not  move  above 
and  their  associations  are  much  more  stable  and  infinitely  easier  to  study. 
For  purposes  of  collection  one  does  not  have  to  trap  a  tree  or  shoot  a  little 
flower.  Wheeler  (1902)  said  that  the  attitude  of  botanists  and  zoologists 
towards  ecology  differed  considerably  due  to  the  scope  of  their  subjects; 
the  former  are  concerned  with  organisms  which  are  relatively  simple  in 
organization  and  in  their  responses  to  the  environment,  while  animals  are 
highly  organized,  with  complicated  nervous  systems  and  characteristics 
known  as  instinct  and  intelligence.  He  said  that  the  different  viewpoints 
were  exemplified  by  the  difference  of  problems  of  '"plant  societies”  and 
social  animals. 

In  this  country  Clements  and  Shelford  have  actively  prosecuted  and 
promoted  research  in  ecology  since  the  early  years  of  the  twentieth  cen¬ 
tury.  Their  central  interest  has  been  in  the  community  aspect  of  life.  S.  A. 
Forbes,  Birge  and  Juday,  Pearse,  Alice,  Chapman,  Coe,  T.  C.  Nelson,  Taylor 
and  others  have  actively  carried  on  ecological  work  with  special  relation 
to  limnology,  fisheries,  parasitism,  insect  pests,  animal  sociology,  oyster  bi¬ 
ology  and  wildlife  management.  Bessey,  Weaver  and  Cowles  were  active  on 
the  botanical  side.  The  earlier  work  of  botanists  as  initial  builders  of  ecology 
has  been  briefly  related  by  Clements  (1905).  The  contributions  of  ecologi¬ 
cal  workers  from  other  parts  of  the  world  are  discussed  by  Chapman 
(1931),  Pearse  (1939),  Clements  and  Shelford  (1939)  and  Alice,  et  aL 
(1949).  Taylor  (1936)  has  given  an  interesting  discussion  of  the  rela- 
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tion  of  ecology  to  the  other  sciences  and  its  importance  to  the  various  phases 
of  conservation  and  human  welfare  in  general.  Gislen  (1930)  wrote  a  care¬ 
ful  summary  of  the  development  of  marine  "sociology.” 

Workers  in  ecology  are  now  numbered  in  thousands.  The  ecological 
advance  is  along  a  broad  front  and  the  fields  are  many  and  diverse.  The 
fields  of  fisheries,  forestry,  conservation,  wildlife  management,  range  man¬ 
agement,  pest  control  and  other  biological  subdivisions  are  essentially 
branches  of  applied  ecology.  The  experimental  evolutionists  and  geneticists 
have  turned  to  ecology  for  answers  to  recently  discovered  problems.  The 
relationships  of  oceanography  to  ecology  are  too  well-known  to  need  further 
comment.  The  growing  liaison  between  marine  ecology  and  paleontology 
{vide  infra)  is  another  example  of  the  general  spread  of  the  ecological  point 
of  view  and  the  recognition  of  its  value. 

PALEONTOLOGY  AND  ECOLOGY 

The  special  task  of  the  paleontologist  is  to  read  the  history  of  life  on 
the  earth,  not  only  with  respect  to  the  kinds  of  organisms  that  lived  on  it, 
but  the  conditions  under  which  they  lived,  their  associations  with  one  an¬ 
other,  and  the  geologic  time  during  which  they  lived. 

Paleontology  started  as  a  science,  hand  in  hand  with  geology,  in  the 
early  eighteenth  century  when  the  chronology  of  geological  formations 
first  received  attention.  As  soon  as  the  idea  of  successive  origin  of  rock 
layers  was  grasped  stratigraphic  geology  began. 

It  was  early  recognized  that  the  same  formations  from  different  locali¬ 
ties  could  be  identified  by  their  fossils.  This  simple  fact  gave  great  impetus 
to  the  study  of  stratigraphy  and  it  has  been  heavily  relied  upon  to  relate 
the  sequence  or  continuity  of  formations  in  distant  localities.  In  spite  of 
the  many  puzzles  and  gaps  in  the  earth’s  surface  record,  the  paramount  fact 
certifying  the  credibility  of  the  geologists’  story  of  the  earth  is  the  internal 
consistency  of  the  vastly  complex  pattern  of  geological  history,  as  it  has 
been  presented.  Geologists  are  driven  to  filling  the  gaps  in  stratigraphic 
history  and  ironing  out  the  inconsistencies.  For  instance  it  is  well  known 
that  two  formations  of  different  lithic  characters  may  be  formed  at  the 
same  time  in  separate  localities  and  the  fact  can  be  proven  with  fossils. 
On  the  other  hand,  fossils  may  be  quite  dissimilar  in  the  two  localities,  due 
to  differences  in  the  environments  at  the  time  the  organisms  were  alive, 
and  the  subsequent  existence  of  a  difierent  complex  of  life  in  the  two  places, 
or  because  the  processes  of  fossilization  may  have  been  different  and  selec¬ 
tive.  In  either  case  the  geologist  has  arrived  at  an  impasse  and,  although  he 
may  feel  strongly  that  the  two  layers  are  from  the  same  horizon,  he  does 
not  have  the  evidence.  The  status  of  his  knowledge  is  too  incomplete  and 
he  needs  more.  This  is  an  example  of  why  paleontologists  have  turned  to 
modern  ecology  for  information  on  the  complex  inter-relationships  of  or¬ 
ganisms  to  their  environment.  This  information  cannot  be  gotten  from 
the  past;  it  must  be  gathered  from  life  today  and  utilized  with  care  and 
due  caution,  in  backward  projection,  so  to  speak,  for  the  better  interpre¬ 
tation  of  the  life  of  organisms  long  since  dead.  In  this  way  it  is  to  be  hoped 
that  fuller  understanding  of  the  facts,  meanings  and  implications  of  the 
fossil  record  can  be  deduced. 

The  fossil  record  shows  only  a  small  fraction  of  the  life  that  formerly 
existed — how  small  no  one  knows.  Furthermore,  it  gives  a  biased  picture 
of  associations  of  organisms  predominated  by  those  containing  hard  parts. 
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The  relative  numbers  or  species  masses  of  animals  and  plants  which  lived 
in  the  various  past  environments  were  doubtless  quite  different  from  what 
the  fossils  show.  Most  organisms  lived  and  died  without  leaving  a  trace. 
Yet  they  had  effects  upon  the  environment,  upon  the  sediments  and  upon 
their  associates  which  later  became  fossils.  The  various  difficulties  encoun¬ 
tered  in  paleoecological  studies  have  been  outlined  by  Wilson  (1951). 

A  knowledge  of  the  life  processes  of  the  organisms  which  left  fossil 
remains  would  enable  geologists  to  tell  a  great  deal  about  the  environments 
where  they  originally  lived  and  about  the  effects  of  the  organic  complex 
upon  the  sediments.  They  tell  something  about  depth,  temperature,  salinity, 
consistency  or  texture  of  the  bottom,  whether  it  was  aerobic  or  anaerobic, 
acid  or  alkaline,  reducing  or  oxidizing,  or  variable  in  all  these  character¬ 
istics,  and  whether  deposition  was  slow  or  fast.  A  great  deal  is  already  known 
about  such  matters,  but  from  marine  ecology  paleontologists  hope  to  learn 
considerably  more. 

In  summary,  a  clearer  picture  of  life  groups  of  the  past  is  needed  to 
supplement  the  hazy  and  somewhat  distorted  view  shown  by  fossils.  There¬ 
fore,  geologists  must  turn  to  ecological  studies  of  living  plant  and  animal 
communities  for  principles  and  rules  to  guide  them  in  drawing  conclusions 
about  the  organic  complexes  of  bygone  ages.  Paleontologists  hope  to  con¬ 
struct  a  reasonably  correct  picture  of  paleoecology,  using  both  geological 
and  biological  knowledge  as  a  guide. 

Certain  difficulties  beset  application  of  ecological  principles  to  paleon¬ 
tology.  Ecologists  have  not  studied  ecology  for  the  benefit  of  geologists. 
The  ecologist  tramps  determinedly  along  a  shellbank,  taking  data  on  the 
small  mass  of  living  material  present,  while  practically  always  neglecting 
the  vast  assemblage  of  shells  and  its  characteristics  which  the  living  mat¬ 
ter  has  produced  throughout  the  years.  Ecologists  study  how  organisms 
live,  little  of  how  they  die  and  nothing  of  what  becomes  of  the  remains. 
All  three  of  these  matters  are  of  importance  to  the  paleontologist.  By  the 
same  token  the  geologists  have  not  striven  greatly  to  bridge  the  gap.  Al¬ 
though  there  has  been  considerable  talk  and  writing,  geologists  have  scarce¬ 
ly  deigned  to  study  species  less  than  100,000  years  old  or,  as  one  zoologist 
has  put  it,  ''anything  they  so  charmingly  call  Recent.” 

Nevertheless,  work  and  thought  upon  the  relations  of  ecology  to 
paleontology  is  not  new.  Semper  (1881,  p.  137)  called  attention  to  the 
fact  that  the  mode  of  life  of  the  more  recent  fossils  would  be  much  easier 
to  reconstruct  than  that  of  the  more  ancient  forms.  Forbes  (1844)  very 
early  connected  geology  and  marine  ecology.  Later,  but  still  before  the 
name  ecology  was  adopted.  White  (1893),  Walther  (1893-94)  and  Grabau 
(1899),  pointed  out  the  relations  of  ecology  to  phases  of  geology.  The  last 
two  writers  called  the  subject  bionomy  and  both  emphasized  the  particular 
importance  of  marine  bionomy.  In  fact,  Grabau  was  so  impressed  with  the 
relationship  that  he  included  marine  bionomy  in  the  geological  sciences, 
saying:  "Marine  Bionomy  is  that  division  of  thalassography  or  oceanography 
which  deals  with  the  nature  and  distribution  of  marine  organisms,  and  their 
relation  to  the  environment.  It  is  a  strictly  geological  study,  for  thalassog¬ 
raphy  itself  is  a  branch  of  physiography,  which  in  turn  is  that  branch  of 
geology  which  deals  with  the  present  surface  features  of  the  earth,  and  the 
causes  which  have  produced  them.  Marine  bionomy  is,  in  fact,  the  study 
of  the  paleontology  of  the  present  geologic  epoch  in  its  marine  aspect, 
carried  on  under  the  most  favorable  circumstances,  by  contemporary  ob- 
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servers.”  The  idea  is  a  little  extreme,  but  it  certainly  expresses  the  essential 
continuity  of  life  phenomena  and  the  essential  relation  of  marine  ecology 
and  paleontology.  Case  (1905)  considered  "Oecological  Features  of  Evolu¬ 
tion.”  Adams  (1913,  p.  11)  said,  "The  ecology  of  living  animals  is  only 
the  latest  chapter  in  the  history  of  this  subject;  the  preceding  chapters 
will  contain  a  history  of  the  indefinitely  long  series  of  ecological  responses 
which  have  taken  place  in  the  geologic  past.  Here  is  where  the  ecologist 
and  paleontologist  and  geologist  find  common  ground.  The  ecology  of  liv¬ 
ing  animals  must  furnish  us  with  whatever  firm  basis  we  have  for  the  inter¬ 
pretation  of  the  conditions  of  life  in  the  past,  upon  which  the  paleontolo¬ 
gist,  stratigrapher,  or  paleogeographer  must  depend,  at  least  in  part,  for 
his  interpretations.” 

Starting  in  1900,  Dr,  T.  Wayland  Vaughan  carried  on  extensive  studies 
of  the  geology  of  coral  reefs  of  Hawaii  and  the  Florida  Keys,  and  studies 
of  the  living  animals  as  well,  including  larval  stages,  associations,  rate  of 
growth,  etc.  He  was  thus  one  of  the  few  workers  who  combined  studies  of 
living  and  fossil  organisms.  His  publications  in  this  field  cover  a  period  of 
over  thirty  years.  Many  of  the  important  papers  are  cited  in  Vaughan 
(1940). 

Clements  (1918)  and  Clements  and  Chaney  (1923-193  5)  discussed 
the  principles  and  methods  of  paleoecology  of  plants  and  Chaney  (1925) 
applied  community  studies  to  fossils.  Case  (1926)  continued  to  publish  in 
paleoecology.  He  spoke  of  the  growing  recognition  of  the  necessity  of 
studying  the  environment  of  fossil  groups,  and  said  (p.  190),  "Nothing  is 
better  established,  amidst  all  the  confusion  of  the  discussions  as  to  method 
of  evolution,  than  the  fact  that  the  environment  changes  before  change  ap¬ 
pears  in  the  organic  forms.  Equally  well  established  is  the  fact  that  the  geo¬ 
logical  cycles,  large  and  small,  have  been  repeated  with  singular  persistence 
and  identity  of  conditions.  This  recurrence  of  very  similar  inorganic  envi¬ 
ronments  has  consistently  resulted  in  very  similar  responses  from  life;  .  .  .” 

"Admitting  as  a  distinct  thing  the  gradual  but  persistent  advance  in 
complexity  of  life  form  with  the  passage  of  geological  time,  we  may  say 
that  the  response  of  life  to  its  environment  has  been  a  repetitive  process. 
This  is  saying  no  more  than  that  there  has  been  a  repetition  of  adaptive 
radiations  from  different  stages  of  advancing  lines.” 

The  National  Research  Council  of  the  United  States  had  a  committee 
on  Paleoecology  which  published  two  reports  under  the  chairmanship  of 
Twenhofel  (1936,  1937).  Clements  and  Shelford  (1939,  p.  4)  discussed 
paleoecology,  saying,  "Development  is  a  continuous  process,  and  hence  its 
division  on  the  basis  of  time  past  and  present  can  be  justified  only  on  the 
score  of  convenience.  .  .  .  This  fact  has  naturally  not  passed  unnoticed  by 
paleontologists,  but  it  is  the  peculiar  province  of  paleoecology  to  insist  upon 
the  basic  essence  of  continuing  development  and  to  emphasize  the  fact  that 
the  present  is  but  a  passing  stage  of  this.”  The  same  writers  continuing 
(p.  5)  say  "...  the  key  to  the  past  is  fashioned  by  the  present,  to  use 
these  terms  in  their  everyday  significance.  On  the  other  hand,  the  present 
is  the  sole  heir  to  the  past,  and  no  adequate  understanding  of  it  is  possible 
without  tracing  the  continuity  of  developmental  processes  from  the  one  to 
the  other.”  The  latter  statement  raises  a  point  not  often  mentioned,  namely, 
the  value  of  paleontology  to  ecology. 

Pearse  (1936)  in  a  scholarly  treatment  of  the  old  evolutionary  prob¬ 
lem  of  the  migration  of  animals  from  sea  to  land,  applied  ecological  infor- 
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mation  to  the  discussion  and  analysis  of  the  matter.  Gunter  (1947a,  b)  dis¬ 
cussed  the  import  of  salinity  relationships  of  present  day  marine  animals  to 
paleoecology  and  the  paleontological  significance  of  catastrophic  mortalities 
in  the  sea. 

In  1940  a  Sub-Committee  on  the  Ecology  of  Marine  Organisms  was 
established  within  the  Division  of  Geology  and  Geography  of  the  National 
Research  Council  under  the  chairmanship  of  Dr.  Harry  S.  Ladd.  This  com¬ 
mittee  was  founded  chiefly  due  to  the  efforts  of  the  late  T.  Wayland 
Vaughan.  It  has  changed  names  several  times  and  still  functions.  The  chief 
task  now  is  preparing  a  Treatise  on  Marine  Ecology  and  Paleoecology,  which 
should  be  published  within  a  few  years. 

The  marine  environment,  especially  the  shallow,  marginal  areas  of  the 
seas,  is  much  richer  in  life  than  the  fresh  water  environments  and  marine 
sediments  contain  a  richer  assemblage  of  fossils  than  fresh  water  sediments. 
Furthermore,  most  of  the  permanent  sediments  are  of  marine  origin,  while 
the  majority  of  those  that  were  laid  down  in  fresh  water  have  been  eroded 
away  and  redistributed.  In  addition  marine  waters  formerly  covered  large 
parts  of  present  lands.  For  these  reasons  marine  ecology  is  of  paramount  im¬ 
portance  to  geologists  as  an  interpretive  tool. 

It  must  be  remembered  that  all  paleoecology  is  based  upon  the  funda¬ 
mental  assumption  that  any  given  group  of  organisms  lived  in  the  past  in 
an  environment  essentially  similar  to  that  in  which  they  or  their  counter¬ 
parts  live  today.  The  validity  of  this  assumption  is  borne  out  by  the  fact 
that  students  of  entirely  different  groups  of  organisms  check  each  other  in 
their  paleoecological  interpretations.  For  example,  fossil  pelecypods  found  in 
a  clay  bed  may  be  associated  with  other  fossil  organisms  whose  modern 
relatives  inhabit  a  muddy  bottom. 

The  field  of  marine  ecology  pays  largest  dividends  to  the  student  of 
Pleistocene  marine  faunas.  So  few  organisms  have  become  extinct  since  the 
Pleistocene  that  the  paleontologist  familiar  with  living  marine  faunas  can 
do  a  rather  complete  job  of  interpreting  conditions  under  which  the  Pleisto¬ 
cene  forms  lived.  If  he  analyzes  Pleistocene  faunas,  he  can  eliminate  most, 
if  not  all,  of  the  "foreign”  elements  (those  re-worked  from  some  other  en¬ 
vironment)  and  determine  which  members  of  the  "death  assemblage”  ac¬ 
tually  lived  together.  Then,  by  comparing  with  an  identical  or  very  similar 
living  assemblage,  he  can  confidently  postulate  the  conditions  under  which 
Pleistocene  fossil-bearing  beds  were  deposited.  Indeed,  the  presence  of  cer¬ 
tain  types  of  transported  organisms  may  add  to  rather  than  detract  from 
knowledge  of  the  environment,  for  these  "foreign”  fossils  may  give  some 
information  about  the  strength  of  the  current  that  brought  them  in,  the 
nearness  of  land,  or  the  nearness  of  fresh  or  brackish  water,  etc.  The  insight 
given  by  marine  ecology  to  Tertiary  paleontology  is  almost  as  high  as  in 
the  case  of  the  Pleistocene.  However,  as  we  go  down  (backward)  in  the 
Tertiary,  the  proportion  of  extinct  species  increases,  but  in  almost  every 
case  there  are  closely  related  species  or  genera  in  the  Recent  fauna,  and  it  is 
still  possible  to  obtain  a  fairly  complete  concept  of  the  conditions  that  ex¬ 
isted  in  the  Tertiary.  It  should  be  pointed  out  that  the  extinct  species,  par¬ 
ticularly  those  with  short  geologic  ranges,  are  the  most  valuable  for  age 
determination,  whereas  the  species  represented  in  living  faunas  are  obviously 
the  best  for  ecological  interpretation. 

Though  the  value  of  a  knowledge  of  present  day  ecology  to  the  paleon¬ 
tologists  decreases  progressively  in  the  pre-Tertiary  periods  of  geologic  time, 
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the  need  for  ecologic  interpretation  remains.  For  the  other  periods,  charac¬ 
teristics  of  the  sediments  rather  than  evidence  from  living  species  must  be 
used.  These  criteria  include  lithologic  characters  (texture,  grain  size,  com¬ 
position,  etc.)  and  sedimentary  structures  (mud  cracks,  ripple  marks,  etc.) 
of  the  containing  rocks.  For  example,  relatives  of  organisms  that  today 
and  in  Tertiary  time  consistently  lived  on  muddy  bottoms  can  be  reasonably 
presumed  to  have  inhabited  similar  environments  in  the  geologic  past.  When 
found  in  a  different  sedimentary  facies,  such  as  coarse  sandstone,  they  may 
be  assumed  to  be  "foreign”  or  out  of  place.  Some  assemblages  that  lived  dur¬ 
ing  the  Mesozoic  periods,  such  as  those  of  oyster  beds,  are  similar  to  as¬ 
semblages  on  oyster  beds  today,  but  there  are  other  assemblages  made  up 
of  organisms  that  cannot  be  compared  with  living  relatives.  Some  groups 
of  organisms,  such  as  the  conodonts,  have  no  known  living  close  relatives. 
In  cases  of  this  sort  paleontologists  must  rely  upon  evidence  from  associated 
organisms  and  on  sedimentary  criteria.  Actually,  a  knowledge  of  ecology 
and  a  knowledge  of  sedimentation  complement  each  other  and  are  insepar¬ 
able.  This  interdependence  becomes  increasingly  important  in  progressively 
older  rocks.  Many  paleontologists,  particularly  those  working  in  Paleozoic 
rocks,  have  ignored  ecology  and  as  a  result  have  made  erroneous  and  fan¬ 
tastic  interpretations.  Some  Paleozoic  paleontologists,  particularly  those  of 
the  older  school,  have  insisted  that  all  differences  between  fossils  reflect 
differences  in  age,  when  actually  the  differences  may  be  only  those  of  facies. 
In  pre-Mesozoic  periods  the  task  of  interpreting  the  ecology  of  the  past  be¬ 
comes  increasingly  difficult  and  the  paleontologist  studying  organisms  of 
these  periods  must  depend  entirely  upon  criteria  such  as  those  mentioned 
above. 

The  writer  is  indebted  to  Dr.  Harry  S.  Ladd,  of  the  U.  S.  Geological 
Survey,  for  many  suggestions  concerning  this  paper. 
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RADIOACTIVE  ISOTOPES  AS  TRACERS  OF  ANTIBODIES 
LUDWIK  ANIGSTEIN 

University  of  Texas,  Medical  Branch,  Galveston 

The  rapid  developments  in  nuclear  physics  have  provided  us  with  radio¬ 
active  isotopes,  which  in  addition  to  their  application  in  medicine  have 
proved  a  most  important  scientific  tool  as  tracers  of  basic  body  metabolism 
and  of  the  channels  through  which  antigens  and  antibodies  are  incorporated 
into  our  tissues. 

Each  of  the  98  known  elements  lying  in  the  atomic  table  between  the 
hydrogen  and  the  uranium  has  at  least  one  radioactive  twin  element  having 
the  same  chemical  property,  but  different  atomic  weight.  These  are  radio¬ 
active  isotopes"' which  in  nature  occur  in  ores,  but  may  be  produced  in 
the  laboratory  by  the  bombardment  of  atoms  with  particles  from  other 
atoms.  The  newly  formed  atom  may  be  stable  or  may  disintegrate  over  a 
period  of  time  ranging  from  a  minute  to  a  billion  years.  These  disintegrat¬ 
ing  elements  which  emit  nuclear  energy  (gamma  and  other  rays)  are  radio¬ 
active.  Due  to  the  constant  emission  of  energy  its  intensity  drops  steadily, 
and  when  it  falls  to  one-half  of  its  initial  value,  the  "half-life”  is  reached. 
The  time  required  for  this  diminution  by  half  is  characteristic  for  each  radio¬ 
active  isotope.  For  example,  the  half-life  of  Phosphorus  (P^^)  is  14.2  days; 
that  of  radioiodine  8  days  and  for  Carbon  (C^^)  5,000  years.  The 

measurements  of  radioactivity  are  accomplished  by  the  electronic  device 
(Geiger-Miiller  counter)  which  registers  the  number  of  nuclear  explosions 
per  second.  As  a  source  of  therapeutic  radiation  the  isotopes  offer  greater 
localization  of  rays  in  the  desired  tissues  or  organ  than  the  irradiation  by 
X-rays.  As  shall  be  presented  later,  this  selectivity  can  be  increased  by  bind¬ 
ing  the  radioisotopes  with  substances  showing  particular  affinity  to  the 
organ  chosen  as  a  target.  These  substances  are  antibodies,  essential  elements 
of  our  existence,  and  their  nature  and  mode  of  formation  constitute  the 
vast  subject  of  immunology. 

ACQUIRED  IMMUNITY 

In  our  struggle  for  existence  we  are  unaware  of  the  fact  that  from 
the  first  day  we  live  in  a  world  of  microorganisms  which  are  potential 
enemies.  Some  of  these  organisms  are  parasites  which  for  the  sake  of  their 
own  survival  are  provided  by  nature  not  only  with  resistance,  but  also  with 
offensive  powers  against  the  animal  host.  Usually  these  invasive  forces  are 
in  a  dormant  state,  but  under  certain  circumstances,  when  the  defenses  of 
the  susceptible  host  are  lowered,  a  cold  war  between  the  micro-  and  the 
macro-organism  may  lead  to  an  open  conflict.  Whenever  our  first  line  of 
defense  (skin  or  mucous  membrane)  is  broken  and  invaded  by  such  mi¬ 
crobes  as  a  malaria  parasite,  streptoccoccus  or  influenza  virus,  they  will  be 


*  Prepared  originally  at  the  request  of  the  Off'ce  of  Naval  Research,  Washington, 
D.  C. 

**Name  given  by  the  British  physicist  Frederick  Soddy  in  1912  to  these  variant  atoms 
of  the  same  element  ( ''isos”-same  and  "topos”-place) . 


148 


1953,  No.  2 
June 


Radioactive  Isotopes  as  Tracers 


149 


treated  by  the  living  tissue  as  foreign  elements  which  should  be  eliminated. 
This  tendency  of  elimination  of  a  foreign  substance  is  an  inherent  prop¬ 
erty  of  a  living  organism.  If  successful,  the  host  will  overcome  the  mi¬ 
crobial  invasion  and  survive  the  infection  with  immunity  tO'  a  subsequent 
infection  of  the  same  kind.  This  striking  phenomenon  became  the  corner¬ 
stone  of  a  new  branch  of  biology,  namely  immunology,  which  developed 
into  modern  immunochemistry.  We  have  reason  to  assume  that  the  state 
of  acquired  immunity  is  associated  with  a  profound  transformation  in  the 
biochemical  pattern  of  the  surviving  host,  particularly  in  the  structure  and 
configuration  of  the  molecules  of  the  body  proteins. 

SEROLOGICAL  REACTIONS 

It  was  found  that  when  the  blood  serum  of  immune  animals  is  mixed 
with  the  disease  producing  bacteria,  the  latter  are  clumped  together  or  may 
be  dissolved.  These  reactions,  which  may  be  reproduced  in  a  test-tube,  are 
characterized  by  their  specificity;  i.e.,  the  clumping  (agglutination)  will 
take  place  only  with  the  causative  agent  of  the  particular  disease  or  with 
related  organisms.  These  strange  substances  which  appear  in  the  blood  and 
tissue  fluids  of  immune  animals  as  a  response  to  infection  are  called  anti¬ 
bodies,  since  they  act  as  bodies  against  the  invading  microbes.  These  as  well 
as  any  other  foreign  substances  which  may  induce  the  formation  of  anti¬ 
bodies  are  called  antigens. 


NORMAL  ANTIBODIES 

Whereas  the  above  phenomena  are  active  and  specific  responses  of  the 
host  animal,  the  blood  of  animals  with  no  direct  contact  with  the  infective 
agent  or  with  other  antigenic  factors,  also  contains  substances  which  act 
as  antibodies.  The  origin  and  formation  of  these  "'normal”  antibodies  are 
more  puzzling  than  the  actively  produced  antibodies  by  a  known  antigen. 
One  thing  is  certain,  namely  in  both  instances  the  antibodies  are  chemi¬ 
cally  serum  proteins  belonging  to  the  "globulin”  class.  Furthermore,  no 
essential  differences  will  be  found  between  antibodies  and  so-called  "normal” 
globulins. 

ANTIBODY  FORMATION 

The  formation  of  antibodies  is  by  no  means  limited  to  microbial  in¬ 
fections,  but  may  be  induced  by  manifold  substances  injected  into  the  ani¬ 
mal.  When  proteins  are  introduced  into  the  digestive  tract,  the  digestive 
juices  split  and  decompose  them  into  simpler  products  which  are  no'  longer 
able  to  produce  antibodies;  in  other  words,  they  cease  to  be  antigenic.  If, 
however,  the  parenteral  route  (outside  of  the  digestive  tract)  is  chosen, 
then  the  formation  of  antibodies  starts  immediately  after  the  injection  of 
the  antigen.  Some  antibodies  are  formed  and  deposited  at  the  site  of  injec¬ 
tion,  whereas  others  are  gradually  liberated  from  various  tissues,  mostly 
spleen,  lymph  nodes  and  bone-marrow. 

In  most  cases  the  rabbit  is  used  for  the  production  of  immune  sera 
by  repeated  injections  of  a  suspension  of  the  desired  tissue  from  another 
animal  species.  The  produced  antibodies  against  the  respective  tissues  can 
then  be  evaluated  in  the  rabbit  serum  by  adding  to  the  serum  the  tissue 
suspension  used  for  immunization.  The  resulting  cloudy  precipitate  consists 
of  antigen  particles  clumped  together  with  the  antibody  particles.  This 


150 


The  Texas  Journal  of  Science 


1953,  No.  2 
June 


precipitation  test  represents  a  conventional  serological  tool  for  detection 
of  antibodies  and  is  based  on  their  specificity  and  on  their  combining  power 
with  the  homologous  antigen  used  for  the  manufacturing  of  the  antiserum. 
The  mechanism  of  this  intricate  phenomenon  led  to  various  theories  of 
which  the  classical  lock-and-key  theory  of  Paul  Ehrlich  tried  to  solve  the 
mysteries  of  immunity  and  chemotherapy.  According  to  Ehrlich,  antibodies 
are  normal  constituents  of  our  protoplasm  and  act  as  chemical  groups  or 
receptors  responsible  for  the  fixation  of  the  antigen.  In  the  light  of  the 
modern  immunochemistry  the  molecules  of  the  antibody  do  not  necessarily 
fit  the  antigen  as  a  single  key-lock  combination,  but  may  rather  be  com¬ 
pared  with  a  series  of  master  keys  fitting  a  series  of  locks  (Hirszfeld,  1948). 
In  this  regard,  the  theories  concerning  antibody  formation  advanced  by  in¬ 
vestigators  such  as  Breinl,  Haurowitz,  Boyd,  and  more  recently  by  Linus 
Pauling,  tend  to  replace  the  chemical  concept  of  Ehrlich’s  rigid  receptors 
by  dynamic  intermolecular  forces.  For  a  better  understanding,  antibodies 
can  be  compared  with  chemical  substances  and  serological  reactions  with 
ordinary  chemical  reactions.  According  to  Pauling,  each  antigen  molecule 
attracts  2  antibody  molecules,  this  process  continuing  until  the  framework 
of  molecules  reaches  macroscopic  size,  constituting  a  precipitate,  which  re¬ 
sembles  an  ordinary  chemical  precipitate.  The  prevailing  theories  of  the 
structure  of  antibodies  represent  the  surface  configuration  of  an  antibody 
molecule  as  complementary  shaped  to  that  of  the  antigen  molecule.  When 
antigen  is  injected  into  an  animal,  its  molecules  which  are  retained  by  certain 
tissues  (bone-marrow,  spleen,  liver)  modify  the  shape  of  normal  protein 
globulins  in  adapting  them  to  the  shape  of  the  antigen  molecules.  These 
modified  globulin  molecules  are  the  antibodies  which  differ  from  normal 
serum  globulins  only  by  their  property  of  combining  specifically  with  the 
corresponding  antigen.  Without  going  into  the  pro  and  cons  of  the  theories 
of  antibody-antigen  reactions,  we  have  to  admit  that  the  controversy  in 
the  opinions  of  prominent  immunochemists  beginning  with  Ehrlich  is  still 
alive  to  date  and  that  the  various  theories  remain  in  a  conflicting  state. 
Pauling’s  concept  and  his  tri-dimensional  presentation  of  the  dynamic  anti¬ 
body  formation  has  didactic  merits,  and  has  therefore  been  offered  here  for 
the  reader  fresh  to  the  field,  although  the  crucial  experiment  is  still  missing. 

ANTI-ORGAN  SERA 

The  structural  and  functional  complexity  of  our  body  is  manifested 
by  specialization  of  its  tissues  and  organs.  The  framework  of  our  tissues 
is  composed  mostly  of  proteins  which  display  a  diversity  of  biochemical 
patterns  specific  to  the  organ.  These  proteins  can  be  differentiated  serologi¬ 
cally  just  as  the  organs  are  identified  by  their  structure  and  function 
(Landsteiner,  1945).  Even  within  the  same  animal  species  there  is  a  multi¬ 
tude  of  antigenically  different  proteins  peculiar  to  the  various  organs.  This 
organ  specificity  makes  it  possible  for  us  to  produce  specific  anti-organ 
sera  from  such  laboratory  animals  as  rabbits  by  repeated  injections  with 
tissue  suspensions  (see  Fig.  1).  The  rabbit  is  then  bled,  the  serum  separated 
from  blood  cells  is  used  for  serological  reactions. 

TOXIC  EFFECT 

The  concept  of  anti-organ  sera  is  about  half  a  century  old  and  origi¬ 
nated  with  Metchnikoff  who  showed  that  guinea  pigs  injected  with  spleen 
tissue  of  rats  yield  a  serum  which  if  injected  into  normal  rats  has  a  toxic. 
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detrimental  effect  on  the  rat’s  lymphocytes  (blood  white  cells  and  main 
components  of  the  spleen) .  In  making  history,  the  "Early  Father”  of  im¬ 
munology  was  perhaps  unaware  of  the  intrinsic  values  of  his  observation 
and  of  the  mechanism  of  the  phenomenon  which  is  now  recognized  as  a 
classical  experiment  representing  a  drastic  demonstration  of  antigen-antibody 
combination.  Giant  protein  molecules  were  formed  in  the  rat  by  inter- 
molecular  forces  which  combined  the  organ  specific  antibody  with  the 
homologous  antigen  (spleen  of  the  rat).  In  the  light  of  our  modern  con¬ 
cept,  the  protein  molecules  of  the  rat  spleen  induced  an  adaptation  of  the 
guinea  pig’s  molecules  in  molding  them  to  the  shape  of  the  antigen.  Such 
surface  adaptation  made  this  fixation  possible.  Under  certain  conditions  this 
irreversible  process  may  involve  the  entire  organ  leading  not  only  to  a  toxic 
effect,  but  to  the  abolishment  of  its  physiological  functions.  In  the  case 
of  the  rat  spleen  as  the  main  center  of  the  defense  mechanisms,  the  injected 
anti-spleen  serum  may  cause  an  "immunological  paralysis”  of  the  organ. 
Consequently,  the  animal  is  deprived  of  its  main  weapon  for  combating 
infections.  This  drastic  demonstration  of  the  potentialities  of  anti-organ 
sera  and  their  strong  affinity  to  the  homologous  tissue  can  be  compared 
with  the  selective  activity  of  certain  drugs  which  if  applied  in  massive  dose 
may  be  damaging  to  the  tissues  and  fatal  to  the  host. 

Stimulating  Effect-—On  the  other  hand,  small  doses  of  the  same  drug 
may  exert  a  stimulating,  beneficial  effect.  In  applying  this  pharmacological 
prinicple  Metchnikoff  was  successful  in  promoting  resistance  to  infection 
in  animals  treated  with  small  quantities  of  anti-organ  sera.  It  took  2  5  years 
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to  revive  this  problem  by  one  of  his  students,  Bogomolets,  who  was  able 
to  show  that  extremely  small  quantities  of  ACS  (anticytotoxic  serum) 
which  contained  antibodies  against  spleen  and  bone  marrow  stimulated  the 
functions  of  the  spleen,  marrow  and  the  whole  physiological  system  of  the 
connective  tissues.  Work  done  in  this  country  has  shown  that  although 
ACS  is  not  a  specific  cure  for  any  disease,  it  is  nevertheless  a  stimulator  of 
the  body’s  natural  abilities  for  defense  and  repair.  Minute  amounts  of  the 
serum  when  injected  into  the  skin  protected  guinea  pigs  against  spotted 
fever  and  typhus  (Anigstein  et  al).  The  potentialities  of  anti-organ  sera, 
their  possible  clinical  application  and  particularly  their  use  as  tools  for  the 
study  of  defense  mechanisms  became  the  subject  of  extensive  investigations 
(see  reviews  by  Pomerat,  1946;  Leake,  1946;  Gardner  and  Speaker,  1951), 

In  this  category  the  immunological  approach  to  the  mechanism  of 
diseases  like  rheumatic  heart  or  inflammatory  condition  of  kidneys  (glomeru¬ 
lonephritis)  tends  to  incriminate  antibodies  produced  by  the  individual 
against  his  own  tissues.  According  to  this  theory  recently  postulated  by 
Pressman  (1951)  the  process  of  autoimmunization  leading  to  fixation  of 
antibodies  with  the  tissues  involved  is  responsible  for  the  disease, 

TRACING  OF  ANTIBODIES  BY  RADIOACTIVE  ISOTOPES 

It  can  be  seen  from  the  foregoing  that  the  rapid  progress  of  immuno- 
chemistry  reached  a  phase  where  the  classical  chemical  methods  are  inade¬ 
quate  to  answer  some  fundamental  questions  without  further  speculation. 
Whereas  the  demonstration  of  antigen-antibody  compound  in  a  test  tube 
is  a  freshman’s  exercise,  the  direct  evidence  of  this  phenomenon  in  living 
tissue  was  made  possible  by  the  use  of  radioactive  isotopes  as  tracers  coupled 
either  with  the  antigen  or  antibody.  The  new  methods  of  tracer  chemistry 
made  it  possible  to  label  antibodies  by  coupling  them  with  radioactive  sub¬ 
stances  without  destroying  the  specific  activity  of  the  antibody.  Thus  anti¬ 
sera  against  various  rat  organs  were  prepared  in  rabbits  by  repeated  injec¬ 
tions  of  tissue  suspensions  from  spleen,  kidney,  lung,  liver,  and  pancreas 
(see  Fig,  1).  The  antisera  (globulins)  were  then  tagged  with  radioactive 
iodine  and  injected  into  normal  white  rats.  These  were  sacrificed  at  inter¬ 
vals  of  several  days  and  their  tissues  tested  with  the  Geiger-Miiller  counter 
for  radioactivity.  When  antikidney  serum  was  injected,  a  definite  accumu¬ 
lation  of  radioactivity  was  found  in  the  kidney,  exceeding  considerably  the 
radioactivity  of  other  organs.  Similarly,  when  the  rat  was  injected  with 
tagged  antiliver  serum,  higher  values  were  recorded  by  the  Geiger-Miiller 
counter  for  liver  tissues  when  compared  with  other  organs.  In  other  words, 
the  specific  rat  antibody  when  injected  into  a  rat  will  aim  at  the  respective 
organ  and  carry  the  radioactive  element  which  will  be  deposited  there  in 
larger  amounts  than  in  other  tissues.  Since  it  was  shown  that  iodine  at¬ 
tached  to  the  globulins  presents  a  fairly  stable  compound,  it  can  be  con¬ 
cluded  that  the  accumulation  of  radioactivity  in  tissues  is  a  visible  evidence 
of  the  equally  concentrated  specific  antibodies.  Furthermore,  the  persistence 
of  the  antibodies  in  the  blood  and  various  organs  can  be  estimated.  Here 
again  the  measurements  of  radioactivity  are  the  guiding  factor  in  determin¬ 
ing  the  biological  half-life  of  the  antibodies,  preceding  their  disappearance 
from  the  body.  This  approach  may  have  an  important  practical  application 
in  evaluating  the  length  of  time  over  which,  for  example,  the  injected 
globulins  against  measles  or  poliomyelitis  will  persist  in  the  circulating  blood 
as  a  protection  against  these  diseases. 
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CONCLUSION 

It  may  be  concluded  that  the  radioactive  isotopes  are  most  important 
scientific  tools  which  have  uncovered  to  a  great  extent  some  of  the  mysteries 
surrounding  the  antibodies  which  over  the  past  five  decades  were  a  field  of 
wide  speculation.  It  is  reassuring  that  the  modern  findings  can  be  integrated 
with  the  older  concepts  of  the  specificity  of  antibodies  and  their  combin¬ 
ing  power  with  the  homologous  tissues.  Furthermore,  new  data  were  supplied 
in  using  the  isotopes  as  tracers  of  the  anatomical  localization  of  the  tissue 
antibody  by  which  it  evolved  from  mystery  into  a  visible  reality.  Another 
aspect  presents  itself,  namely  the  consideration  of  the  antitissue  antibody 
as  an  inert  vehicle  which  will  carry  the  radioactive  element  to  the  homolog¬ 
ous  organ  chosen  as  a  target  of  ultimate  destination.  A  concentration  of 
radioactivity  of  possible  therapeutic  value  for  an  organ  struck  by  malignancy 
can  therefore  be  expected. 
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HYALITE  (FLUORESCENT  OPAL)  FROM 
LLANO  COUNTY,  TEXAS  ^ 

ROBERT  M.  HUTCHINSON 
Department  of  Geology 
The  University  of  Texas 

Six  to  eight  miles  west  and  southwest  of  the  town  of  Llano,  Texas, 
granites  of  the  Sixmile-type  outcrop  as  low  rounded  knobs.  The  granite 
has  intruded  layers  of  Packsaddle  schist  and  Valley  Spring  gneiss  and  out¬ 
crops  in  a  roughly  semi-circular  pattern.  Outcrops  are  crisscrossed  by  closely 
spaced  joints  systems  along  which  the  agents  of  weathering  have  rounded 
off  and  are  also  actively  engaged  in  rounding  off  the  granite.  Many  attempts 
have  been  made  to  quarry  the  local  Sixmile  granite,  but  most  operations 
have  been  unsuccessful  due  to  the  poor  rift,  or  grain,  as  it  is  called  by  the 
granite-workers. 

Opal  (variety  hyalite)  was  found  lining  the  surfaces  of  joints  in  one 
of  these  abandoned  quarries.  Of  75  joints  mapped  in  the  granite  quarry, 
three  contained  hyalite.  Two  of  the  three  joints  dip  7°  SE  and  the  other  7° 
NW  (Fig.  1). 

The  opal  occurs  as  glassy  fissue  filling  passing  into  translucent  and 
whitish  crusts  with  finely  globular  or  botryoidal  structure  (Fig.  2).  The 
mineral  has  conchoidal  to  subconchoidal  fracture.  Hardness  is  6-6.5. 
Specific  gravity  is  2.12-2.18.  Luster  is  subvitreous,  sometimes  inclining 
to  resinous.  The  encrustations  on  the  joint  surfaces  vary  in  thickness  from 
ka  mm.  to  10  mm. 

Base  of  the  encrustations,  where  attached  to  the  wall  of  granite,  fluor¬ 
esces  brilliant  yellowish  green  (Fig.  2).  Tops  of  the  crusts  fail  to  fluoresce. 
Index  of  refraction  of  both  fluorescent  and  non-fluorescent  material  is 
1.45  0±.002.  Table  I  gives  the  variation  of  refractive  index  vdth  tenor  of 
water  (Winchell,  1951). 


TABLE  I 


H^O 

3.5% 

6.33 

8.97 

28.04 
( Artificial) 

N 

1.492 

1.4531 

1.4465 

1.409 

G. 

2.16 

2.096 

2.036 

1.731 

1  M.  J.  Stewart  of  Llano,  Texas,  kindlv  itave  the  author  permission  to  enter  quarries 
and  map  the  geology.  Prof.  E.  J.  Weiss,  Ceramic  Engineering  Department,  University 
of  Texas,  ran  X-ray  diffraction  patterns  powdered  samples.  Prof.  G.  H.  Ayres  and 
Dr.  E.  W.  Berg,  Department  of  Chemistry,  University  of  Texas,  made  available  the 
spectrochemical  laboratory  on  the  Off-(  ampus  Research  Center.  Dr.  Berg  ran  all 
spectrochemical  determinations.  Prof.  S.  E.  Clabaugh,  Department  of  Geology,  Uni¬ 
versity  of  Texas,  assisted  in  the  laboratory  procedures  and  criticized  the  manuscript. 
Prof.  R.  K.  DeFord,  Department  of  Geology.  University  of  Texas,  also  helped  with 
the  manuscript. 
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TABLE  T 

STRONGLY  FLUORESCENT,  NON  “FLUORESCENT  TO  WEAKLY 
LLANO  COUNTY,  TEX^  FLUORESCENT,  LLANO  COUNTY,  TEXAS 


SPECIMEN 

SPECIMEN 

SPECIMEN 

SPECIMEN 

SPECIMEN 

SPECIMEN 

SPECIMEN 

' 

2 

3 

4 

' 

2 

3 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Al 

Al 

Al 

Al 

Al 

Al 

Al 

Cq 

Ca 

Co 

Ca 

Co 

Cq 

Co 

Be 

Be 

Be 

Be 

— 

Be 

Be 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

Cu 

— 

Ti 

— 

Ti 

Ti 

Ti 

No 

No 

No 

B 

B 

— 

Pb 

Mn 

K 


FLUORESCENT  NON- FLUORESCENT 
DAWSON  CO,  TEX.  DAV\60N  CQ,  TEXAS 


SPECIMEN 

SPECIMEN 

1 

Si 

Fe 

Si 

Fe 

— 

Al 

Co 

Cq 

Mg 

Mg 

Cu 

Cu 

V 

B 

SpectroQrophic  detarminations  mode  by 
Eugene  W  Berg,  Dept,  of  Chemistry, 
University  of  Texas,  Dec.  15,  1951. 


SPECTROGRAPHIC  ANALYSIS  OF  POWDERED  HYALITE  SPECIMENS 


With  an  index  of  refraction  of  1.4 50 ±.002  and  a  specific  gravity  of 
2.12-2.18,  the  opal  has  a  water  content  of  approximately  5-6%.  The 
maximum  error  of  the  specific  gravity  determination  is  1-2%.  With  less 
than  10%  H2O,  opal  usually  contains  some  cristobalite  or  quartz  (Win- 
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chell,  1951).  Under  crossed  nicols  fragments  of  sieve-size  10  transmitted 
very  small  amounts  of  liglit  and  exhibited  a  slight  twinkle  of  white. 

Spectrochemical  analysis  of  four  strongly  fluorescent  and  three  non- 
fiuorescent  samples  showed  the  presence  of  elements  Fe,  Si^  Mg^  Ca,  Ah  Be, 
Cu,  B  and  Ti  (Table  II),  The  B  and  Ti  were  present  in  only  some  of  the 
fluorescent  and  non-fluorescent  material.  Cu  was  about  four  times  as 
abundant  in  the  fluorescent  material  as  in  the  non-fluorescent  material. 

The  X-ray  pattern  showed  no  sharp  diffraction  lines.  There  was  a  hazy 
line  in  the  region  of  4°  which  may  indicate  the  presence  of  cristobalite. 
This  is  in  agreement  with  the  conclusions  of  Winchell  that  opal  with  less 
than  10%  H2O  usually  contains  some  cristobalite  or  quartz. 

It  is  not  the  purpose  of  this  paper  to  explain  the  cause  of  the  brilliant 
fluorescence.  However,  should  an  attempt  be  made  to  explain  this  fluor¬ 
escence,  two  factors  should  be  considered:  (1)  the  absence  of  complete 
isotropism  under  crossed  nicols  of  the  petrographic  microscope,  and  (2) 
the  hazy  x-ray  diffraction  line  about  4°.  Both  of  these  suggest  that  the 
hyalite  has  tended  to  approach  a  crystalline  structure  during  its  deposition. 
The  slight  polarization  of  light  exhibited  by  some  of  the  grains  might  also 
be  due  to  internal  strain  during  contraction  of  the  hyalite  on  solidifying, 
if  the  siliceous  material  was  precipitated  from  solution  as  a  colloidal  gel. 

Samples  of  fluorescent  and  non-fluorescent  opal  (variety  milk-opal) 
from  Dawson  County,  Texas,  donated  by  E.  C.  Shield,  University  of  Texas 
geology  student,  were  also  analyzed  spectrographically  (Table  If).  Both 
samples  analyzed  showed  the  presence  of  the  elements  Si,  Fe,  Ca,  Mg  and 
Cu.  Al,  V  and  B  were  present  in  only  one  of  either  of  the  twO'  samples. 
No  information  was  obtained  on  the  relative  intensity  of  the  Cu  lines  in 
fluorescent  and  non-fluorescent  samples. 

It  may  be  significant  that  the  only  material  found  in  place  was  on  the 
surfaces  of  gently  dipping  joints.  From  the  small  area  of  granite  that  was 
mapped  at  the  quarry,  it  is  not  possible  to  say  whether  the  joint  systems 
of  the  quarry  (Fig.  1)  are  genetically  related  to  the  cooling  history  and 
the  shape  of  the  Sixmile  granite  mass. 

The  opal  has  been  deposited  at  low  temperatures  from  silica-bearing 
waters.  These  solutions  were  probably  derived  either  ( 1 )  from  the  last 
stages  of  the  cooling  of  the  Sixmile  granite  or  (2)  during  percolation  of 
meteoric  water  through  the  granite,  the  silicates  were  decomposed  and 
again  deposited  along  the  joint  seams  as  crusts  of  opal.  The  latter  method 
of  formation  seems  the  most  probable. 

In  view  of  the  fact  that  the  layer  of  fluorescent  material  occurs  at 
the  base  of  the  crusts  (Fig.  2),  and  that  the  Cu-content  of  this  layer  is 
about  four  times  greater  than  that  of  the  tops  of  the  crusts,  perhaps  the 
heaviest  element,  copper,  was  influenced  most  by  gravity  during  percolation 
and  deposition  of  the  opaline  material.  During  the  precipitation  of  the 
opaline  material,  gravity  would  have  its  maximum  effect  when  the  silica¬ 
bearing  solutions  were  moving  along  the  gently  dipping  joints.  Perhaps 
this  explains  the  presence  of  opal  only  on  joint  surfaces  with  low  dip  angles 
(Fig.  1). 
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THE  ECOLOGICAL  DISTRIBUTION  OF  THE  BIRDS  OF  THE 
BLACK  GAP  AREA,  BREWSTER  COUNTY,  TEXAS 

WILLIAM  LAY  THOMPSON 
The  University  of  Texas 

INTRODUCTION 

The  Big  Black  Gap  area  of  Brewster  County,  Texas,  is  a  State  game 
preserve,  covering  46,800  acres  northeast  of  Big  Bend  National  Park.  A 
former  ranch,  the  area  has  a  number  of  earthen  tanks  and  one  concrete 
stock  tank,  which  are  responsible  for  the  presence  of  several  birds  and  plants 
not  characteristic  of  arid  regions. 

The  present  work  was  undertaken  in  an  attempt  to  record  the  avian 
species  to  be  found  on  the  game  preserve,  and  particularly  to  study  the 
ecological  distribution  of  these  birds,  i.e.,  to  relate  the  birds  to  their  physical 
and  biological  environments.  The  data  given  below  are  based  on  three  visits 
to  the  Black  Gap  area,  I  spent  five  weeks  there  from  June  7  to  July  12,  and 
four  days  from  December  2  8  to  December  31,  1951.  Dr.  W,  B.  Davis  and 
an  assistant  collected  in  the  area  for  two  days,  March  23  and  24,  1951.  A 
total  of  49  man  days  was  spent  in  the  field. 

One  hundred  and  five  specimens  of  birds  have  been  collected  from 
Black  Gap.  Eighty-eight  of  them  are  in  the  Texas  Natural  History  Col¬ 
lection  at  the  University  of  Texas,  and  17  are  in  the  collection  of  Texas 
A.  &  M.  College.  Over  500  plant  specimens  were  collected  and  have  been 
placed  in  the  Herbarium  of  the  University  of  Texas, 

This  Study  was  made  in  cooperation  with  the  Texas  Game  and  Fish 
Commission.  To  Fred  Moore,  manager  of  the  Black  Gap  Game  Preserve, 
I  wish  to  express  my  appreciation  for  his  courtesy  and  helpfulness  during 
our  visits  to  the  area.  I  am  greatly  indebted  to  the  other  members  of  the 
summer  field  party,  particularly  W.  W.  Milstead,  Ralph  Axtell,  Tom 
Corday,  and  J.  R.  Tamsitt,  and  to  Thomas  E.  Kennerly,  whose  help  in  the 
December  field  work  was  invaluable. 

I  wish  also  to  thank  Dr.  J.  Van  Tyne,  who  generously  identified  sev¬ 
eral  specimens,  and  Dr.  W.  B.  Davis,  who  made  available  a  spring  collection 
of  Black  Gap  birds. 

To  Dr.  B.  C,  Tharp  I  am  grateful  for  his  help  in  the  identification  of 
the  plants  and  for  his  suggestions  during  the  preparation  of  this  paper.  Es¬ 
pecially  to  Dr.  W.  Frank  Blair  I  am  deeply  grateful  for  help  and  advice 
during  the  field  work,  and  for  his  ready  advice  throughout  the  preparation 
of  the  manuscript. 

PHYSICAL  FEATURES  OF  THE  BLACK  GAP  AREA 

The  topography  of  the  Black  Gap  area  is  very  uneven.  Rolling  hills, 
surfaced  by  limestone  fragments,  are  interrupted  by  basaltic  Tertiary  lava. 
Wilson  (1951)  found  the  limestones  to  be  of  both  the  Comanche  and  Gulf 
series,  extending  from  Glen  Rose  age  in  the  Comanche  to  Bouquillas  and 
Terlingua  age  in  the  Gulf  series. 
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Toward  the  eastern  edge  of  the  area,  approaching  the  Rio  Grande,  the 
hills  become  highly  dissected  by  deep  canyons,  leaving  steep  cliffs  of  resist¬ 
ant  limestone  between  terraced  slopes  of  the  softer  limestone  formations. 
Several  intermittent  streams  follow  the  valley  floors.  The  largest  of  these 
is  Maravillas  Creek  on  the  northeastern  edge  of  the  area. 

To  the  southeast,  Stairway  Mountain,  approximately  5,000  feet  above 
sea  level  at  its  highest  point,  provides  a  boundary  for  the  area  under  con¬ 
sideration. 

The  United  States  Weather  Bureau  station  for  Brewster  County  is  at 
Alpine,  but  Alpine  is  approximately  2,000  feet  higher  than  the  Black  Gap 
area,  and  the  climatic  conditions  there  are  not  strictly  comparable  to  those 
at  lower  altitudes.  Presidio,  in  Presidio  County  to  the  west,  is  2,594  feet 
above  sea  level,  almost  the  same  as  the  Black  Gap  area  (ca.  2,068).  The 
climatic  conditions  of  these  two  areas  are  fairly  similar.  Temperatures  at 
Presidio  range  from  a  recorded  maximum  of  112°  F.  to  a  minimum  of  11°  F. 
In  June  at  Black  Gap  the  camp  thermometer  registered  a  maximum  of 
114°  F.  The  average  annual  rainfall  as  measured  at  Presidio  is  10.23  inches. 
The  period  of  maximum  rainfall  is  from  May  to  September.  The  preceding 
statistics  are  taken  from  the  Texas  Almanac  for  19  52-5  3. 

Thornthwaite  (1948)  includes  the  Texas  Big  Bend  country  in  his  arid 
zone,  with  a  moisture  deficiency  of  between  40  and  60  (moisture  index 
-40  to  -60). 


VEGETATION 

The  vegetation  of  the  Black  Gap  area  is  quite  varied.  Fifty-four 
families  of  plants  are  represented  by  a  total  of  169  species.  Although  the 
flora  is  predominantly  xeric,  a  number  of  moisture-loving  forms  grow 
along  streams  and  around  stock  tanks.  No  large  trees  are  found,  but  woody 
vegetation  reaches  heights  of  almost  fifteen  feet  along  the  larger  water 
courses.  Waterways  are  dry  on  the  surface,  except  for  short  periods  after 
rain,  but  sufficient  moisture  remains  underground  to  sustain  walnut,  buck¬ 
eye,  Mexican  persimmon  and  mesquite  growth  in  the  relatively  deep  sand 
of  the  flood  plains.  The  rocky  limestone  hills  support  a  sparse  xeric  flora 
characterized  by  creosote  bush,  shrubby  catclaw,  lechuguilla,  and  sotol. 
Lava-capped  hills  produce  a  more  abundant  vegetation  of  yucca,  sotol, 
forbs  and  grasses.  Cacti  of  many  sorts  are  abundant  throughout  the  area. 

ECOLOGICAL  CONSIDERATIONS 

According  to  the  system  established  by  Weaver  and  Clements  (1938), 
the  Black  Gap  area  of  the  Big  Bend  falls  into  the  desert  grassland  climax. 
Tharp  (1938)  placed  the  area  in  his  Sotol-Lechuguilla  and  Inter-Mountain 
Valley  divisions  of  the  region  which  he  calls  Foothills  and  Mesa  Region 
Westward  from  the  Pecos  River.  Dice  (1943)  and  Blair  (1950)  place  it  in 
the  Chihuahuan  biotic  province,  taking  fauna  as  well  as  flora  into  considera¬ 
tion. 

I  shall  employ  the  term  '"association”  in  referring  to  distinctly  separ¬ 
able  communities  characterized  by  certain  plants  or  certain  topographical 
features.  They  are  to  be  used  merely  for  convenience  in  referring  to  the 
specific  habitat  of  the  various  species  of  birds.  With  one  exception,  the 
associations  are  named  according  to  the  dominant  plant  species  of  each.  In 
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FIG.  1.  Hypothetical  profile  of  the  Black  Gap  area,  Brewster  County,  Texas, 
showing  the  distribution  of  ecological  associations  in  relation  to  topography. 
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TABLE  I 


NUMBER  OF  BIRDS  COLLECTED, 
SIGHT  RECORDS  (x),  CALL  REC¬ 
ORDS  (h),  AND  NEST  RECORDS 
(n)lN  7  ECOLOGICAL  ASSOCIA¬ 
TIONS. 


Ardea  herodias 
Cygnus  columbianus 
An.'is  .'icrta 
Anas  carolinense 
Aythya  collaris 
Cathartes  aura 
Buteo  jamakensis 


Charadrius  voci fetus  x 

Capella  delicata 
Lams  atricilla 

Zenaidma  macroura  x 

Zenaiduia  asiatka  '  1 

Callipepla  squamata  x 

Coccyzus  amerkanus  1 

Geococcyx  californianus  x 

Crotophaga  sulci rostris 
Bubo  virginianus 

Chordedes  acutipennis  x 

Phalaenoptilus  nuttullii  1 

Archilochus  alexandri  x 

Selasphofus  platycercus 
Colaptes  cafer 

Dendrocopos  scalaris  x 

Myiarchus  cinerascens  x 

Sayornis  nigricans 

Sayornis  saya 

Pyrocephalus  ruhinus 

Petrochelidon  pyrrhonota  x 

Corvus  cryptoleucus 

Auriparus  flaviceps  1 

P saltriparus  minimus 

Thryomanes  hewicki  x 

Catherpes  mexkanus 

Campylorhynchus  brunnekapillus  1 

Salpinctes  ohsoletus 

Mimus  polyglottos  x 

T  oxostoma  dor  sale  3 

T oxostoma  curvirostre  * 

Oreoscoptes  montanus 
Sialia  currucoides 

Polioptila  melanura  1 

Anthus  spinoletta 

Lanius  ludovicianus  1 

Vireo  belli  n 

Passer  domestkus 

Icterus  Paris orum  x 

Molothrus  ater 

Pyrrhuloxia  sinuata  x 

Guiraca  caemlea 
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*  Distributional  data  not  available 


the  case  of  the  rocky  canyons  it  seems  more  desirable  to  derive  the  name 
from  the  much  more  apparent  physical  features  than  from  the  character¬ 
istic  vegetation. 

A  hypothetical  section  of  the  Black  Gap  area,  showing  the  distribu¬ 
tion  of  the  ecological  associations  in  relation  to  topography,  is  presented  in 
Figure  1.  The  ecological  distribution  of  each  bird  recorded  from  Black 
Gap  is  indicated  in  Table  1. 

The  seven  ecological  associations  recognized  in  the  Black  Gap  region 
are  described  as  follows: 

'Persiminon-WaUmt — The  persimmon, walnut  association  is  characteristic 
of  stream  banks.  Frequently  the  Mexican  persimmon  (Brayodendron  tex- 
aimm)  appears  as  a  dark  line  along  the  course  of  the  usually-dry  streams. 
The  banks  of  the  larger  waterways  are  sometimes  bordered  by  stands  of 
walnut  (Juglans  rupestrh) .  Other  plants  often  found  in  association  with 
the  persimmon  include  prickly  hackberry  {Momis’ia  pallida)^  bee  bush 
{Aloysia  I'lgustrina)  ^  Eysenhardtia  amorphoides,  Polygala  alba,  Coiivolulus 
incaniis,  Berberis  trifoliolata,  KoeberUnia  spinosa,  Buddleta  marrubifoUa, 
Schaefferia  cuneifolia,  and  the  desert  willow  {Chilopsh  linearis).  The  thick¬ 
est  vegetation  in  the  region  grows  on  stream  banks  and  around  stock  tanks, 

Crissal  thrashers,  yellow-billed  cuckoos,  Baird’s  wrens,  mourning  doves, 
white-wing  doves,  and  cactus  wrens  seemed  to  prefer  this  habitat.  Other 
birds  frequently  found  here  were  Bell’s  vireos,  plumbeous  gnatcatchers,  and 
bush  tits.  The  Bell’s  vireo  was  found  nesting  here.  Black-chinned  humming¬ 
birds  were  attracted  to  the  blossoms  of  Aloysia,  Chilopsh,  and  many  other 
flowers. 
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FIG,  2.  A  view  of  Dell  Tank. 


Mesquite-Hukache.  Mesquites  (Prosopk  glandulosa)  and  several  species 
of  acacia,  primarily  Acacia  vernicosa^  grew  in  the  relatively  deep  sand  and 
gravel  of  broad  floodplains,  and  on  the  edges  of  artificial  ponds.  Prickly  hack- 
berry,  condalia  {Condalia  spathulaia),  Zizyphm  lycioides^  Parthenmm 
incmmm^  Solatium  elaegni folium^  Amhroua  artemhiafoUa^  Koeherlmia 
spino'saj  Cathesticum  erectum,  Arktida  wrightiij  and  Triodia  elongaia  occur 
on  the  floodplains. 

Cowbirds,  pyrrhuloxias,  and  verdins,  found  here  most  frequently, 
seemed  to  prefer  this  association.  Other  birds  often  observed  here  include 
the  white-wing  dove,  mourning  dove,  BelPs  vireo,  plumbeous  gnatcatcher, 
mockingbird,  and  roadrunner.  Nests  of  the  roadrunner,  verdin,  and  mourn¬ 
ing  dove  were  found  in  this  association. 

Pond.  Several  stock  tanks  are  located  in  the  Black  Gap  area.  Mesquite, 
acacia,  new  deal  weed  (Bacchark  sp.),  and  Nicotiana  glauca  are  conspicuous 
woody  plants  bordering  the  ponds.  Phyla  nodiflora,  Nico-tiana  trigonophylla, 
Solanum  elaeagnifolium,  Psilostrophe  gnaphalodes,  Bouteloua  trifida,  and 
Bermuda  grass  (Cynodon  dactylon)  are  common  herbs  on  the  banks.  The 
Bermuda  grass  apparently  was  introduced  when  the  tanks  were  constructed. 
Chara  occurs  in  shallow  water  at  the  edges  of  the  ponds. 

The  ponds  were  stocked  with  catfish  {Ictalurm  punctatm) ,  sunfish 
{Lepomk  cyanellus^  L.  macro-chirm,  and  L.  microlo-phm) ,  and  bass  (Micro-p- 
terms  salmoides ) . 

Several  birds  which  otherwise  would  not  be  found  in  such  an  arid 
region  were  attracted  to  the  ponds.  The  laughing  gull,  great  blue  heron, 
ring-neck  duck,  green-wing  teal,  Sprague’s  pipit,  and  Wilson’s  snipe  were 
found  nowhere  else.  Mourning  doves  came  here  in  the  evenings  to  drink. 
During  the  day  cliff  swallows  flew  about  over  the  water  catching  insects, 
and  at  dusk  they  were  replaced  by  nighthawks  and  bats.  A  small  flock  of 
the  relatively  rare  whistling  swans  was  found  on  one  tank  at  Christmas 
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FIG.  3.  Rocky  canyon  and  cliff  association. 


in  1951.  A  groove-billed  ani  was  found  in  a  tree  at  the  edge  of  a  pond. 

Mesquites  and  dense  hackberry  shrubs  contained  a  number  of  nests, 
all  of  which  were  deserted.  Some  were  identified  as  those  of  the  mourning 
dove  and  Bell’s  vireo. 

Rocky  Canyons  and  Cliffs.  The  many  hills  of  the  Black  Gap  area  are 
cut  by  streams  to  form  rocky  canyons  bounded  by  steep  limestone  cliffs. 
From  the  tops  of  the  mesas  other  smaller  canyons  carry  water  run-off  to 
the  valley  floor.  The  mesa  rimrock  itself  is  largely  in  the  form  of  high  cliffs. 

The  vegetation  is  comprised  of  shrubs  and  herbaceous  plants,  including 
Karivinskia  hnmboldtiana.,  Paroseia  wrighfii,  Tecoma  stans,  Castilleja 
latebracteata,  Triodia  pilosa,  Triodia  elongata,  and  Mnhlenbergia  porferi. 

The  most  typical  of  the  avian  species  was  the  canyon  wren,  which  con¬ 
fined  its  activities  to  the  cliffs  and  adjacent  boulder-strewn  talus  slopes. 
Others  frequently  inhabiting  canyons  were  Texas  brown  towhees,  ash- 
throated  flycatchers,  house  finches,  and  rufous-crowned  sparrows.  The 
great  horned  owl  rested  in  cervices  and  caves  during  the  day.  A  black- 
chinned  hummingbird  nest  was  discovered  near  the  end  of  one  canyon. 

Hiiisache-Crcosofe  Bush.  A  large  part  of  the  Black  Gap  area  is  cov¬ 
ered  by  huisache  {Acacia  vernicosa)  and  creosote  bush  {Coviliea  glntinosa) . 
Most  of  this  is  found  on  the  rolling  hills  and  basins  in  very  rocky  limestone 
soil.  Triodia  elongafa,  Sporoboliis  cryptandrns,  Mozinnia  spatbiilafa,  and 
Croton  ncoinexicaniis  were  of  common  occurrence  with  the  dominants.  A 
number  of  cacti,  including  Opiintia  leptocanlis,  Echinocerens  sp.,  and  Neo- 
n?  a  miliaria  denndata,  were  commonly  found. 

Because  of  the  scanty  protection  from  heat  which  this  association 
afforded,  most  of  its  birds  were  active  only  in  early  morning  and  late  after¬ 
noon.  Mockingbirds,  ash-throated  flycatchers,  verdins,  bush-tits,  plumbeous 
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FIG.  4  Huisache  creosote  bush  association. 


gnatcatchers,  scaled  quail,  desert  sparrows,  and,  in  winter,  rock  wrens,  were 
the  birds  found  here  most  frequently.  The  Texas  nighthawk  is  known  to 
have  nested  here. 

Sotol-Lechugidlla.  On  the  upper  slopes  of  the  limestone  hills  and  on  the 
lower  edges  of  lava  talus  slopes,  lechuguilla  {Agave  lechugtiilla)  and  sotol 
{Dasylirion  sp.)  were  the  dominant  plants.  Y ticca  sp.^  Mozinttia  spathtilaia, 
various  cacti,  Schaefferia  cuneifolia,  Triodia  elongata,  and  Muhlenbergia 
porteri  grew  with  the  dominants.  Ladderbacked  woodpeckers  favored  the 
lechuguilla  flower  stalks  as  feeding  places.  They  were  observed  in  the  hills 
more  frequently  than  in  the  valleys  where  mesquites  and  huisache  provided 
more  woody  growth.  In  addition  to  the  woodpeckers,  mockingbirds,  Scott’s 
orioles,  and  loggerhead  shrikes  were  of  frequent  occurrence.  Mourning 
doves  were  found  nesting  in  this  association. 
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Gramma-Prickly  Pear.  The  upper  lava  talus  slopes  and  lava  peaks  were 
characterized  by  a  much  heavier  growth  of  grass,  principally  the  gramas, 
than  the  limestone  slopes.  Apparently  the  soil  derived  from  lava  is  deeper 
than  that  derived  from  limestone,  because  in  weathering  the  limestone  is 
much  more  readily  dissolved.  Bonteloiia  tin  if  lor  a,  Bonteloua  trifid  a,  Boute- 
loua  breviseta,  and  Opuntia  phaecantha  were  particularly  abundant.  In 
addition  ocotillo  {Pouquiera  splendens) ,  yucca,  and  lechuguilla  were  found. 
The  list  of  plants  for  this  association  is  particularly  long.  With  regard  to 
birds,  the  association  was  not  so  productive.  Vultures  and  red- tailed  hawks 
found  the  wide  view  from  the  boulders  of  the  mountain  tops  to  their 
liking,  but  few  small  birds  were  encountered  on  the  heights.  Woodpeckers 
could  be  found  where  there  was  yucca  or  lechuguilla. 

AVIFAUNA 

Although  there  have  been  several  studies  of  the  avifauna  of  Brewster 
County  (Montgomery,  1905,  and  Van  Type  and  Sutton,  1937)  little  work 
has  been  done  on  the  birds  of  the  Black  Gap  area.  The  present  survey  under¬ 
takes  to  present  such  information  as  is  available  concerning  the  ecological 
distribution  of  species  known  to  occur  there. 

Birds  were  found  to  be  most  concentrated  in  the  stream-side  thickets 
and  woody  vegetation  bordering  stock  tanks.  Some  species,  however,  cen¬ 
tered  their  distribution  in  other  habitats.  For  the  species  listed  below,  wher¬ 
ever  possible,  I  have  indicated  the  ecological  associations  in  which  they 
were  most  abundant.  I  have  no  records  of  ecological  distribution,  how¬ 
ever,  for  the  species  collected  by  Dr.  Davis  and  not  observed  by  the  Uni¬ 
versity  of  Texas  field  party. 

Sixty-one  species  of  birds  have  been  recorded  from  the  Black  Gap 
area.  Thirty-six  gave  evidence  of  breeding  there.  Five  species,  Cygnus 
cohimbianus,  Aythya  collaris,  Larus  atricilla,  Crotophaga  sulcirostris,  and 
Spizella  pusilla  have  been  recorded  from  Brewster  County  for  the  first  time 
as  a  result  of  the  present  investigation. 

The  61  species  of  birds  recorded  from  the  Black  Gap  region  are  listed 
below  in  phylogenetic  order. 

Ardea  herodias  L. — Great  Blue  Heron — -Sight  record. 

The  great  blue  heron  was  a  permanent  resident  in  this  region.  No 
nesting  sites  were  found,  but  the  birds  visited  regularly  the  pond  at  which 
our  camp  was  located.  While  the  summer  field  party  was  there,  the  birds 
came  only  very  early  in  the  morning  and  at  other  times  during  the  day 
when  most  of  the  group  were  away  from  camp.  At  the  time  of  our 
Christmas  visit  to  the  area  the  herons  were  less  disturbed,  because  there 
were  only  two  of  us  in  the  party,  and  remained  at  the  tank  to  feed  for 
longer  periods.  Still  they  were  very  wary,  and  would  fly  at  the  sight  of 
either  of  us.  Usually  only  one  bird  stayed  at  the  pond  at  a  time.  On  sev¬ 
eral  occasions  I  saw  two  flying  together,  but  one,  producing  a  squawk-like 
cry,  always  chased  the  other  away  from  the  water.  Perhaps  this  behavior 
is  an  example  of  feeding  territory  defense. 

Cygnus  columbianus  (Ord) — Whistling  Swan — 1  skull. 

One  of  the  most  remarkable  sights  of  the  entire  period  of  our  field 
work  was  the  sight  of  three  whistling  swans  on  a  small  stock  tank  beside 
the  ranch  road  about  two  miles  from  the  Black  Gap  headquarters  on  De- 
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cember  28,  1951.  Had  we  come  a  few  weeks  earlier  it  would  have  been 
even  more  remarkable,  for,  according  to  Fred  Moore,  who  is  in  charge  of 
the  Black  Gap  game  preserve,  there  were  originally  twelve  birds  in  the 
group.  The  large  white  birds  proved  too  conspicuous  for  their  own  welfare, 
for  passersby  took  "pot  shots”  at  them,  and  one  by  one  their  number  was 
reduced,  until,  when  we  left  on  January  1,  there  were  only  two  remain¬ 
ing.  Probably  these,  also,  were  slaughtered  within  a  short  time.  The  prox¬ 
imity  of  the  tank  to  the  much-travelled  ranch  road  leading  to  the  Rio 
Grande,  and  the  ignorance,  or  disregard,  of  the  ranchers  concerning  the 
identity  and  rarity  of  the  swans  in  this  part  of  the  state  gave  the  unwary, 
slow-flying  birds  little  chance  of  escape. 

Mr.  Moore  found  several  remains  of  birds  the  hunters  had  left  behind. 
One  whole  body  had  been  discarded  at  the  edge  of  the  tank. 

Anas  acuta  tzitzihoa  Vieillot — Pintail-— Sight  record. 

On  several  successive  days  during  the  last  week  in  June  we  observed 
what  was  apparently  a  single  individual  of  this  species  at  our  camp  on  Dell 
tank.  Although  disturbed  by  our  presence  or  the  approach  of  the  camp 
truck,  it  usually  circled  over  the  tank  and  settled  again  in  the  swampy  end 
of  the  pond,  where  it  was  hidden  in  the  mesquite  growth  there. 

Anas  caroUnense  (Gmelin)— Green- winged  Teal — 1  ad.  $  ,  December, 
1951,  pond  association. 

During  the  winter,  green-winged  teal  were  common  on  Dell  tank, 
where  they  fed  in  the  dense  growth  of  aquatic  vegetation  just  beneath  the 
surface  of  the  water  in  shallows. 

Aythya  collaris  (Donovan) — ^Ring-neck  Duck — 1  ad.  S,  December,  1951, 
pond  association. 

One  individual  was  collected  on  December  28,  1951,  on  Dell  tank. 
Remaining  aloof  from  the  teal,  it  was  in  the  company  of  two  domestic 
ducks.  Apparently  this  is  the  first  record  of  the  ring-neck  duck  in  Brewster 

County. 

Cathartes  aura  Linnaeus — Turkey  Vulture — Sight  record. 

The  turkey  vulture  was  commonly  seen  in  the  Black  Gap  area.  On  the 
lava  boulders  of  the  higher  peaks  we  found  abundant  evidence,  in  the  form 
of  droppings,  that  the  vultures  frequently  roosted  there. 

Buteo  ]amaicensis  c alums  Cassin— Western  Red- tailed  Hawk — 1  yg.  ad.  ^  , 

non-breeding  condition,  July,  1951,  huisache-creosote  bush  association. 
Red-tailed  hawks  were  the  only  hawks  we  recorded  from  Black  Gap. 
They  were  not  abundant,  but  they  were  seen  occasionally  as  they  glided 
above  the  hills  or  perched  on  boulders  above  the  walls  of  deep  canyons. 

I  have  applied  the  name  calurus  to  the  one  specimen  collected  because 
of  its  relatively  heavy  barring  on  the  breast  and  thighs.  In  addition  there 
is  a  relatively  large  amount  of  rufous  coloration  on  the  back.  The  specimen 
is  rather  light  in  color,  approaching  fuertesij  possibly  due  to  the  influence 
of  the  latter,  which  Sutton  believes  to  be  the  resident  race  of  Brewster 
County  in  summer. 

Charadrius  vociferus  vociferus  Linnaeus— Killdeer—l  ad.  $  breeding  con¬ 
dition,  July,  1951,  pond  association. 
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Killdeer  are  permanent  residents  of  the  Black  Gap  area,  but  they  seem 
to  be  more  numerous  in  the  winter  than  in  the  summer.  Those  observed 
confined  their  activities  to  the  immediate  vicinity  of  stock  tanks  or  the 
banks  of  streams  during  the  brief  periods  of  flow  after  rains. 

Capclla  galiinago  dclicata  (Ord) — Wilson’s  Snipe — 1  ad.  $  ,  December, 
1951,  pond  association. 

Several  of  these  birds  usually  could  be  found  at  the  edges  of  stock 
tanks  during  the  winter.  They  are  apparently  resident  in  the  area  only  in 
winter. 

Lams  atrlcilla  Linnaeus — Laughing  Gull — 1  yg.  ad.  June,  1951,  pond 
association. 

It  seems  strange  to  find  so  far  inland,  and  particularly  in  such  an  arid 
region,  a  bird  closely  associated  with  seacoasts  and  large  bodies  of  water. 
The  proximity  of  the  Black  Gap  area  to  the  Rio  Grande  probably  accounts 
for  the  occurrence  of  the  laughing  gull  on  the  stock  tanks  of  the  region. 
The  presence  of  this  bird  here  is  apparently  not  uncommon,  because  two 
wings  of  the  same  species,  apparently  left  by  hunters,  were  found  on  the 
dam  at  Dell  tank. 

Van  Tyne  and  Sutton  (  1937)  did  not  record  the  laughing  gull  during 
their  field  work  in  Brewster  County. 

Xenakliira  macronra  marginella  (Woodhouse) — Western  Mourning  Dove — ■ 
1  ad.  <3,  breeding  condition,  March,  1951;  1  ad.  <3  ,  1  ad,  9,  breed¬ 
ing  condition,  July,  1951,  pond  association. 

This  was  one  of  the  commonest  birds  of  the  area,  and  individuals  were 
frequently  seen  in  all  associations.  Five  occupied  nests  were  discovered,  four 
of  them  in  yucca  and  one  on  the  ground.  In  addition,  several  deserted  nests 
were  seen. 

Xenahlura  asiatica  mearnsi  (Ridgway) — White-wing  Dove — 1  ad.  9  ,  breed¬ 
ing  condition,  June,  1951,  mesquite-huisache  association;  1  ad,  9, 
breeding  condition,  July,  1951,  persimmon-walnut  association. 

Although  less  abundant  than  the  mourning  dove,  the  white-wing  was 
not  uncommon.  It  was  more  strictly  confined  to  stream  beds  than  the  re¬ 
lated  species, 

Callipcpla  sqitamafa  iMllkla  Brewster — Arizona  Scaled  Quail — 1  ad.  S  , 
breeding  condition,  June,  1951,  mesquite-huisache  association. 

This  was  one  of  the  most  evident  birds  of  the  region  and  was  probably 
the  most  numerous  species.  Because  the  Black  Gap  area  is  a  State  game 
preserve  the  quail  are  protected  and,  at  the  headquarters  building,  are  even 
fed.  A  relatively  large  amount  of  food  from  the  lack  of  overgrazing  in  the 
area  is  possibly  another  factor  in  their  abundance.  One  is  almost  continually 
made  aware  of  their  presence  by  the  harsh  call  which  they  emit  during 
most  of  the  day.  They  are  most  commonly  seen  in  early  morning  or  late 
afternoon  when  they  are  feeding,  or  when  they  come  to  drink  at  stock 
tanks  and  natural  pools. 

Quail  ranged  over  the  lower  areas,  usually  remaining  on  the  lower 
huisache-creosote  bush  hills  and  floodplains.  Two  nests  were  located,  both 
in  the  mesquite-huisache  association  of  the  broad  floodplains. 
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Coccyzus  americanus  americanus  (Linnaeus) — Yellow-billed  Cuckoo — 1  ad. 
breeding  condition,  June,  1951,  persimmon-walnut  association. 

The  extreme  size  of  the  gonads  (10  mm.)  of  the  specimen  and  the 
presence  of  a  brood  patch  would  seem  to  indicate  nesting  activities.  Yellow¬ 
billed  cuckoos  were  very  uncommon  at  Black  Gap  during  the  summer, 
however,  and  no  nests  were  discovered. 

This  particular  specimen  was  collected  in  a  thicket  of  persimmon. 
Thick,  shrubby  growth  along  streams  provides  the  most  favorable  environ¬ 
ment  for  cuckoos,  and  it  was  here  that  the  only  other  record  of  this  species 
was  made.  The  second  bird  was  only  heard,  but  its  characteristic  call  af¬ 
forded  positive  identification. 

Geococcyx  calif ornianus  (Lesson) — Roadrunner — 1  ad.  $  ,  breeding  con¬ 
dition,  June  11,  1951,  mesquite-huisache  association. 

Roadrunners  were  not  found  in  large  numbers,  but  they  were  com¬ 
monly  seen.  Their  greatest  concentration  was  in  the  basin  areas  in  mesquite, 
huisache,  and  hackberry  thickets,  but  a  few  were  seen  in  almost  all  environ¬ 
ments  of  the  region.  I  was  surprised  to  find  one  at  the  foot  of  the  lava 
rimrock  of  the  highest  peak  near  camp.  The  plant  growth  there  was  dense, 
and  was  comprised  largely  of  prickly  pear  and  grama  grass. 

One  nest  a  few  yards  from  our  work  tent  at  camp  was  deserted  by 
the  parent  birds.  Two  fledglings  and  three  eggs  were  in  the  nest.  The  nest 
itself  was  about  two  feet  in  diameter,  built  of  small  twigs,  and  placed  about 
two  feet  off  the  ground  in  a  mesquite  thicket.  It  was  so  well  concealed  that 
we  probably  would  not  have  noticed  it  had  it  not  been  for  the  cries  of  the 
young  nestlings. 

Lizards  and  insects  seemed  to  form  a  large  part  of  the  diet  of  these 
birds.  One  member  of  the  field  party,  W.  W.  Milstead,  who  was  studying 
the  lizards  of  the  genus  Cnemidophorus,  reported  seeing  several  roadrunners 
catching  and  eating  the  lizards.  Examination  of  stomach  contents  of  the  one 
bird  collected  revealed  mostly  insect  parts. 

Crotophaga  sulcirostris  sulcirostris  Swainson — Groove-billed  Ani — 1  ad.  $  , 

breeding  condition,  June,  1951,  pond  association. 

A  groove-billed  ani  was  probably  the  most  interesting  record  obtained 
during  our  research  at  Black  Gap.  The  specimen  was  collected  in  a  mesquite 
thicket  beside  Dell  tank  by  W.  F.  Blair.  It  was  just  recovering  from  the 
spring  molt,  and  its  two  outer  and  two  inner  rectrices  were  new.  The  outer 
two  were  not  yet  full-sized.  Dickey  and  van  Rossem  (1938)  say  that  the 
spring  molt  of  adults  occurs  in  March  and  April  and  includes  some  of  the 
rectrices  and  secondaries.  The  rectrices  and  remiges  of  our  specimen  were 
generally  frayed.  Even  the  four  new  rectrices  were  well  worn  on  the  ends. 

Enlarged  ova  indicated  that  the  bird  was  in  breeding  condition. 

This  is  a  new  record  for  Brewster  County  and  Trans-Pecos  Texas.  There 
is  no  mention  of  its  occurrence  here  by  Bent  (1940),  or  by  Van  Tyne  and 
Sutton  (1937).  The  species  is  known  to  breed  as  far  north  as  the  lower  Rio 
Grande  valley  of  Texas,  and  Baja  California. 

Bubo  virginianm  (Gmelin) — -Great  Horned  Owl — Sight  record. 

The  many  rocky  canyons  and  cliffs  found  in  this  part  of  the  Big  Bend 
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region  furnished  ample  roosting  places  for  great  horned  owls,  and  the  birds 
were  seen  several  times  during  the  summer.  One  was  heard  calling  just 
before  dawn  at  Dell  tank  on  January  1,  1952. 

Chordeiles  aciitipennis  texensis  (Lawrence)-— Texas  Nighthawk— -4  ad.  $  , 
breeding  condition,  June,  1952,  3  in  huisache-creosote  bush  associa¬ 
tion,  1  in  pond  association. 

Nighthawks  were  particularly  conspicuous  from  sundown  until  dark, 
and  very  early  in  the  morning,  especially  over  stock  tanks,  where  insects 
were  plentiful. 

Phalaenoptilus  nuttdUi  nuttalUi  (Audubon)— Poor- will— 1  ad.  $  ,  breed¬ 
ing  condition,  June,  1951,  sotol-lechuguilla  association;  1  yg.  ad. 
breeding  condition,  June,  1951,  persimmon-walnut  association;  1  Juve¬ 
nal  $  ,  July,  1951. 

Poor-wills  were  rarely  seen.  Their  calls  were  occasionally  heard. 

Archilochus  alexandri  (Boursier  &  Mulsant)— Black-chinned  Hummingbird 
—  1  ad.  S,  breeding  condition,  June,  1951,  persimmon- walnut  asso¬ 
ciation;  1  yg.  ad,  2,  breeding  condition,  July,  1951,  pond  association; 

1  juvenal  $  ,  July,  1951,  pond  association. 

An  abundance  of  flowers  during  the  early  summer  months  attracted 
hummingbirds  in  relatively  large  numbers.  Eysenhardtia  amorphoides,  Aloysia 
ligMstrina^  and  Nicoiiana  glauca  were  the  plants  at  which  the  birds  were 
seen  to  feed  most  frequently.  Hummingbirds  were  widely  distributed,  how¬ 
ever,  occurring  in  almost  every  association,  so  that  undoubtedly  a  number 
of  other  plants,  not  confined  to  the  basins  as  those  listed  above,  were  utilized 
by  the  birds. 

One  nest  was  discovered  in  a  small  acacia  about  halfway  up  the  talus 
slope  of  a  deep  canyon.  It  was  constructed  on  a  small  horizontal  branch 
about  four  feet  off  the  ground. 

Selasphorus  platycercus  (Swainson) — Broad-tailed  Hummingbird— Sight 
record. 

One  red-throated  hummingbird  was  observed  on  June  15,  1951.  It 
was  resting  on  a  broken  lechuguilla  flower  stalk  in  an  association  of  lechu- 
guilla  and  sotol.  Sunlight  on  the  throat  brought  out  the  vivid  red  of  the 
feathers,  and  definitely  distinguished  it  from  the  black-chinned.  The  back 
was  dark  with  a  greenish  cast,  and,  in  general,  the  bird  resembled  the  ruby- 
throated  hummingbird.  Sutton  calls  the  broad-tailed  the  commonest  hum¬ 
mingbird  of  the  Chisos  Mountains,  and  although  I  cannot  definitely  assign 
to  this  species  the  bird  I  saw,  I  think  it  most  likely  that  it  was  Selasphorus 
platycercus. 

Colaptes  cafer  (Gmelin) — Red-shafted  Flicker — Sight  record. 

We  noted  a  red-shafted  flicker  on  two  different  occasions  while  camped 
at  Dell  tank  at  Christmas,  1951.  Both  times  the  bird  was  in  a  mesquite 
thicket  at  the  edge  of  the  tank.  The  species  is  apparently  a  winter  resident. 

Dendrocopos  scalaris  cactophilus  (Oberholser)— Cactus  Woodpecker— 1  ad. 
$  ,  March  1 9  5 1 ;  1  ad.  (^  ,  1  ad,  $  ,  both  in  breeding  condition,  July, 
1951,  sotol-lechuguilla  association. 
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We  found  the  cactus  woodpecker  to  be  a  quite  common,  but  very 
wary,  permanent  resident.  Because  of  its  preference  for  the  open  hillsides 
on  which  sotol  and  lechuguilla  sent  up  numerous  flowering  stalks,  it  was 
difficult  to  approach  closely  without  being  seen  by  the  birds.  The  wood¬ 
peckers  seemed  to  favor  the  open,  rocky  hillsides  above  the  heavier  woody 
growth  of  the  floodplains.  They  did  venture  occasionally  into  clumps  of 
mesquite  and  acacia. 

Myiarchus  cinerascens  cinerascens  (Lawrence)— Ash- throated  Flycatcher— 
2  ad.  breeding  condition,  June,  1951,  creosote-bush-huisache  asso¬ 
ciation  and  mesquite-huisache  associations  respectively;  1  ad.  $  ,  breed¬ 
ing  condition  June,  1951,  mesquite-huisache  association;  1  ad.  $  ,  July, 
1951,  pond  association. 

The  ash-throated  flycatcher,  which  is  apparently  only  a  late  spring 
and  summer  resident,  was  one  of  the  commonest  birds  during  the  summer. 
It  was  distributed  widely  over  the  area,  and  it  was  found  regularly  in  all 

associations. 

Sayornis  nigricans  nigricans  (Swainson) — Black  Phoebe — 1  ad.  $  ,  Decem¬ 
ber,  1951,  huisache-creosote  bush  association. 

This  specimen  was  the  only  one  seen  during  our  work  at  Black  Gap. 
It  was  taken  on  a  hill  adjacent  to  Dell  tank. 

Sayornis  saya  saya  (Bonaparte)— Say's  Phoebe— 1  ad.  S,  March,  1951; 
1  ad.  2,  December,  1951,  pond  association;  1  ad.  $  ,  December,  1951, 
pond  association. 

Davis  collected  a  Say's  phoebe  in  the  spring  of  1951,  in  addition  to 
the  two  winter  specimens  mentioned  above  from  the  Texas  collection.  At 
the  time  of  our  winter  collecting  trip  the  birds  were  seen  most  frequently 
around  water,  but  they  were  not  of  common  occurrence  even  there.  This 
species  was  not  recorded  in  Black  Gap  during  the  summer. 

Pyrocephalus  rubinus  (Boddaert)— Vermillion  Flycatcher— 1  yg.  ad.  $  , 
December,  1951,  pond  association. 

Only  the  one  specimen  was  recorded  from  the  Black  Gap  area. 

Van  Tyne  was  unable  to  give  this  specimen  a  sub-specific  name.  In  a 
personal  communication  he  says: 

"This  specimen  is  in  a  very  unusual  plumage.  We  have  nothing  at  all 
like  it  in  our  large  series.” 

Petrochelidon  pyrrhonota  melanogaster  Swainson — Mexican  Cliff  Swallow 
—1  ad.  breeding  condition,  June,  1951,  flying  over  pond  associa¬ 
tion;  1  yg.  ad.  $  ,  breeding  condition,  July,  1951. 

We  observed  cliff  swallows  frequently  during  the  five  weeks  of  the 
summer  expedition.  They  were  always  flying,  usually  in  groups  of  four  or 
five. 

CorcMs  cryptoleuctis  Couch— White-necked  Raven — Sight  record. 

White-necked  ravens  were  seen  twice  during  the  summer  expedition 
and  once  during  the  Christmas  visit  to  the  area.  Each  time,  when  observed, 
they  were  in  the  vicinity  of  a  stream. 

Auriparus  flaviceps  ornatus  (Lawrence) — -Verdin^ — 1  ad.  $  ,  breeding  con¬ 
dition,  June,  1951,  mesquite-huisache  association;  1  ad.  breeding 
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condition,  June,  1951,  huisache-creosote  bush  association;  1  ad.  $, 
non-breeding  condition,  December,  1951,  huisache-creosote  bush  asso¬ 
ciation. 

The  presence  of  verdins  was  very  evident  by  the  large  number  of  nests, 
although  the  birds  themselves  were  only  sporadically  seen.  Because  of  its 
type  of  construction,  the  verdin  nest  lasts  several  years.  The  birds  appar¬ 
ently  do  not  return  to  the  same  nest  each  year,  because  most  of  the  nests 
we  found  were  empty,  although  a  number  seemed  to  be  still  in  good  condi¬ 
tion.  In  some  cases  these  abandoned  nests  had  been  taken  over  by  other 
species,  such  as  the  plumbeous  gnatcatcher. 

Verdins  were  most  evident  in  the  dry,  huisache-creosote  bush  semi- 
desert  on  the  low  limestone  hills,  but  they  were  also  common  in  the  stream 
bank  association.  Most  of  their  nests  were  placed  in  huisache  or  mesquite, 
and  they  usually  were  from  four  to  six  feet  off  the  ground. 

Psalfriparus  minimum  plumbem  (Baird)- — Lead-colored  Bush  Tit-—!  yg.  ad. 
$  ,  June,  1951,  mesquite-huisache  association. 

We  found  bush  tits  in  the  riparian  vegetation  at  Black  Gap  in  late 
June  and  early  July.  They  moved  about  singly,  not  in  flocks  as  described 
by  Van  Tyne  and  Sutton  (1937),  and  they  were  apparently  breeding  in 
the  area. 

Thrycmanes  beiuicki  eremophilus  Oberholser- — Baird’s  Wren— 1  juv.  $  ?, 
July,  1951,  huisache-creosote  bush  association. 

Baird’s  wrens  were  rather  common  in  the  valleys.  They  are  very  shy 
and  were  heard  more  often  than  seen.  Dense  thickets  on  the  stream  banks 
provided  the  favorite  habitat  for  these  wrens. 

Gather pes  mexicanus  albifrons  (Giraud) — White-throated  Canyon  Wren— 
1  ad.  $,  breeding  condition,  July,  1951,  rocky  canyon  association; 
1  yg.  ad.  9  ,  July,  1951,  rocky  canyon  association. 

The  canyon  wren  was  one  of  the  most  ecologically-restricted  birds, 
for  it  was  almost  completely  confined  to  the  rocky  cliffs.  Canyon  wrens 
were  of  frequent  occurrence  in  steep-walled  canyons  and  on  the  limestone 
rimrocks. 

Cam pylorhyn chits  brunneica pillus  cotiesi  Sharpe — Cactus  Wren — 1  ad.  $  , 
March,  1951;  1  juv.  June,  1951,  sotol-lechuguilla  association;  1  ad. 
9,  breeding  condition,  June,  1951,  persimmon-walnut  association; 
1  ad.  5  ,  December,  1951,  sotol-lechuguilla  association. 

The  cactus  wren  was  a  permanent  resident  of  the  Black  Gap  area.  It 
was  found  in  persimmon-walnut  and  sotol-lechuguilla  associations  on  the 
sandy  floodplains  and  on  the  lower  slopes  of  the  rolling  hills,  in  the  sotol- 
lechuguilla  association.  We  observed  three  nests,  all  in  yucca. 

Salpincfes  obsoletus  obsoletus  (Say) — Rock  Wren — 1  ad.  $  ,  December, 
1951,  sotol-lechuguilla  association;  2  ad.  9,  December,  1951,  huisache- 
creosote  bush  association. 

We  found  rock  wrens  in  the  Black  Gap  area  only  in  the  winter,  when 
they  were  very  common.  They  were  most  evident  in  the  huisache-creosote 
bush  association,  but  they  were  also  observed  in  the  sotol-lechuguilla  asso¬ 
ciation  of  the  rocky  slopes.  Their  absence  during  the  summer  is  not  readily 
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explainable.  It  seems  probable  that  they  prefer  the  higher,  more  mountain¬ 
ous  regions  during  the  summer,  and  come  to  the  lower  levels  during  the 
winter. 

Mimus  polyglottos  leucopierus  (Vigors)-— Western  Mockingbird— 1  ad.  S  , 
breeding  condition,  June,  1951,  huisache-creosote  bush  association. 
Mockingbirds  were  widely  distributed  in  the  basins.  For  the  most 
part  the  birds  stayed  near  the  streams,  but  a  few  were  observed  in  the  hui- 
sache  and  creosote  bush  of  the  lower  hills.  We  found  two  mockingbird 
nests:  one  containing  one  egg,  in  a  low  yucca,  and  the  other  in  a  huisache. 

Toxostoma  dorsale  dorsale  Henry— Crissal  Thrasher- — 1  ad.  $  ,  breeding 
condition,  June,  19  51,  persimmon-walnut  association;  2  ad.  $,  breed¬ 
ing  condition,  June,  1951,  persimmon-walnut  association. 

The  crissal  thrasher,  which  is  a  bird  of  dense  thickets,  was  found  in 
the  dense  undergrowth  beside  stream  beds.  Clumps  of  prickly  hackberry, 
huisache,  and  persimmon  were  the  usual  haunts  of  the  thrashers. 

Toxostoma  curvirostre  curvirostre  (Swainson)— Curve-billed  Thrasher- — 
1  ad.  $  ,  March,  1951. 

W.  B.  Davis  collected  a  specimen  of  the  curve-billed  thrasher  in  the 
Black  Gap  area  in  the  spring  of  1951. 

Oreoscoptes  montanus  (Townsend)— Sage  thrasher- — 1  ad.  $,  March,  1951. 
W.  B.  Davis  collected  this  specimen. 

Sialia  ciirrucoides  (Bechstein)^ — Mountain  Bluebird- — Sight  record. 

A  male  mountain  bluebird  was  seen  on  December  28,  1951,  on  the 
ranch  road  one  mile  west  of  the  headquarters  for  the  Black  Gap  game  pre¬ 
serve.  Like  the  rock  wren  it  apparently  prefers  the  basins  during  the  winter 
and  the  mountains  during  the  summer.  Van  Tyne  and  Sutton  found  it  in 
the  grasslands  around  Marathon  and  Alpine  in  the  winter,  and  in  the  Chisos 
Mountains  during  the  spring  and  summer. 

Polio ptila  melanura  melanura  Lawrence— Plumbeous  Gnatcatcher— 1  ad.  $  , 
breeding  condition,  June,  1951,  mesquite-huisache  association;  1  ad. 
$  ,  breeding  condition,  July,  1951,  mesquite-huisache  association;  1  ad. 
?,  December  1951,  huisache-creosote  bush  association. 

Plumbeous  gnatcatchers  were  numerous  at  the  lower  levels,  where  they 
were  found  most  often  in  proximity  to  the  streams.  One  nest,  containing 
two  eggs  of  this  species,  was  found  in  an  abandoned  verdin’s  nest  built  in 
a  low  acacia.  The  roof  of  the  structure  had  begun  to  fall  in,  but  it  still 
provided  some  protection.  The  gnatcatcher  had  built  its  own  nest  on  the 
floor  of  the  old  one.  One  of  the  parent  birds  was  on  the  nest,  but  it  flew 
off  at  my  approach. 

Anthus  spinoletta  alticola  Todd — Rocky  Mountain  Pipit — 1  ad.  $  ,  March, 

1951. 

In  the  spring  of  1951  W.  B.  Davis  collected  a  specimen  which  he  has 
identified  as  A,  s.  alticola.  The  bird  was  taken  at  a  stock  tank, 

While  I  was  at  Black  Gap  in  December,  1951,  I  saw  several  pipits  at 
the  few  ponds  which  still  held  water  after  the  long  drought. 
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Lanhis  ludovtcianus  Linnaeus — Loggerhead  Shrike— 1  ad.  $  ,  breeding  con¬ 
dition,  June,  1951,  persimmon-walnut  association;  1  juvenal  June, 
1951,  mesquite-huisache  association. 

Miller  (1931),  in  his  revision  of  the  American  shrikes,  shows  an  area 
of  intergradation  between  the  Sonoran  and  white-rumped  shrikes  in  Trans- 
Pecos  Texas,  This  zone  of  intergradation  passes  through  Brewster  County 
and  the  Black  Gap  area.  Our  two  specimens  are  intermediate  in  wing  length, 
but  they  show  an  even  greater  percentage  of  white  on  the  primaries  than 
the  mean  for  L.  /.  excubitorides.  The  tail  of  the  female  (102  mm.)  is  inter- 

TABTE  II 


A  comparison  of  the  measurements  of  the  Black  Gap  shrike  specimens  with  the 
means  of  the  subspecies  sonorensis  and  exubitcrides  as  tabulated  by  Miller  (1939). 
Linear  measurements  are  in  milimeters. 


JUVENAL 

L.  1.  sonorensis 

U.  T.  specimen 

L.  /.  excubitorides 

wing  length 

101.39 

99.2 

97.73 

%  white  on  wing 

56.1 

58.4 

57.7 

tail  length 

103.65 

97.8 

99.14 

tarsometatarsus 

27.9  ±  .08 

26.0 

21 A 

bill  length 

12.06  ±  .07 

11.0 

11.32 

bill  depth 

8.50  ±  .02 

8.6 

8.24 

bill  width 

6.13  ±  .03 

5.3 

5.92 

%  white  on  rectrices 

28.31 

27.6 

40.4 

ADULT 

wing  length 

101.23 

100.0 

98.92 

%  white  on  wing 

56.6 

58.5 

57.3 

tail  length 

105.35  ±  .29 

102.0 

96.41 

tarsometatarsus 

27.38  ±;  .09 

27.1 

21 A 

bill  length 

11.93  ±  .04 

11.2 

11.32 

bill  depth 

8.34  ±  .03 

8.7 

8.24 

bill  width 

6.10  ±  03 

5.3 

5.92 

%  white  on  rectrices 

30.47  ±  .56 

30.29 

44.7 

mediate  in  length,  but  that  of  the  male  (97.8  mm.)  is  even  less  than  the 
mean  for  excubitorides.  In  general,  the  male  is  closer  to  excubitorides  than 
sonorensis.  The  female  may  be  considered  an  intergrade,  showing  an  approxi¬ 
mate  balance  of  characters  typical  of  sonorensis  and  excubitorides.  A  com¬ 
parison  of  the  measurements  of  our  specimens  and  those  of  L.  1.  sonorensis 
and  L.  /.  excubitorides  is  made  in  Table  11. 

Shrikes  were  seen  commonly  on  open  areas  throughout  the  lower  levels. 
We  found  them  most  frequently  in  the  sotol-lechuguilla  association. 

Vireo  belli  medius  Oberholser— Texas  Vireo — 2  ad.  $  ,  breeding  condition, 

June,  1951,  mesquite-huisache  association. 

The  Texas  vireo  was  a  plentiful  inhabitant  of  the  stream  banks  and 
mesquite  and  huisache-covered  floodplain.  Several  abandoned  nests  were 
found  in  persimmon  thickets.  The  structure  was  usually  built  in  a  fork 
about  four  feet  off  the  ground.  One  nest  which  was  in  use  contained  two 
eggs. 


1953,  No.  2 
June 


Birds  of  Black  Gap  Area 


175 


Passer  domesticus  Linnaeus— English  Sparrow — -Sight  record. 

English  sparrows  nested  in  a  grape  arbor  on  the  porch  of  the  head¬ 
quarters  building  at  Black  Gap.  They  did  not  range  far  out  into  the  sur¬ 
rounding  area,  however,  and  were  not  numerous. 

Icterus  parisorum  Bonaparte — Scott’s  Oriole — 1  ad.  $  ,  breeding  condition, 
June,  1951,  mesquite-huisache  association;  1  ad.  ($  ,  breeding  condi¬ 
tion,  June,  1951,  sotol-lechuguilla  association;  1  yg.  ad.  5,  breeding 
condition,  July,  1951,  sotol-lechuguilla  association. 

The  Scott’s  oriole  was  a  wide-ranging  species  which  was  encountered 
in  all  associations.  It  exhibited  a  slight  preference,  however,  for  hillsides 
where  lechuguilla  and  yucca  were  abundant. 

Molothrus  ater  obscurus  (Gmelin) — -Dwarf  Cowbird — 1  ad.  $  ,  breeding 
condition,  June,  1951,  mesquite-huisache  association;  1  ad.  5,  breed¬ 
ing  condition,  June,  1951,  pond  association. 

Molothrus  ater  artemisiae  Grinnell— Nevada  Cowbird — 1  ad.  $  ,  breeding 
condition,  July,  1951,  mesquite-huisache  association. 

Cowbirds  centered  their  activities  around  the  artificial  ponds.  They 
were  especially  numerous  in  the  immediate  vicinity  of  the  headquarters 
building,  where  they  used  the  food  provided  for  quail. 

J.  Van  Tyne  identified  our  specimens  as  to  subspecies.  It  is  very  pe¬ 
culiar  to  find  two  distinct  subspecies  occurring  together  in  the  same  lo¬ 
cality  and  not  ecologically  separated  during  the  breeding  season. 

Van  Tyne  and  Sutton  (1937)  call  obscurus  the  breeding  species,  and 
artemesiae  a  transint.  The  relationship  of  these  races  in  this  region  needs 
further  investigation. 

Pyrrhuloxia  sinuata  sinuata  (Bonaparte)— Texas  Pyrrhuloxia— 1  ad.  $  , 
March,  1951;  3  ad.  breeding  condition,  June,  1951,  mesquite, 

huisache  association. 

Pyrrhuloxias  were  numerous  in  the  valleys,  particularly  in  the  mes¬ 
quite-huisache  association  of  the  sandy  floodplains. 

Guiraca  caerulea  inter fusa  Dwight  &  Griscom— Western  Blue  Grosbeak — 
1  yg.  ad.  5,  breeding  condition,  June,  1951,  huisache-creosote  bush 
association. 

This  specimen  and  one  seen  with  it  when  it  was  collected  were  the 

only  ones  of  this  species  recorded  from  Black  Gap. 

Passerina  versicolor  versicolor  (Bonaparte) — Varied  Bunting— 1  yg.  ad.  $  , 
June  8,  1951,  mesquite-huisache  association. 

This  was  the  only  one  of  this  species  collected  at  Black  Gap. 

Carpodacus  mexicanus  frontalis  (Say)— House  Finch — 1  ad.  breeding 
condition,  June,  1951,  rocky  canyon  and  cliff  association;  1  yg.  ad. 
S  5  non-breeding  condition,  June,  1951,  huisache-creosote  bush  associa¬ 
tion;  1  ad.  $  ,  December,  1951,  mesquite-huisache  association. 

This  permanent  resident  of  the  Big  Bend  region  was  found  in  all  eco¬ 
logical  associations,  but  it  was  most  abundant  in  the  rocky  canyons.  I  fre¬ 
quently  observed  the  birds  searching  for  food  in  the  vegetation  on  the 
rocky  slopes  which  bordered  the  stream  beds,  and  drinking  in  shallow  pools. 
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Spinns  psalfria  psaltria  (Say) — Arkansas  Goldfinch— 1  ad.  $  ,  breeding 
condition,  June,  1951,  persimmon-walnut  association. 

Arkansas  goldfinches  were  infrequently  seen.  One  pair  was  observed 
at  a  small  tank.  The  specimen  collected  was  one  of  a  group  of  three  birds 
in  a  hackberry  thicket  at  the  base  of  a  rocky  cliff. 

Pipilo  ftiscus  t exanus  van  Rossem — Texas  Brown  Towhee- — -2  ad.  $  ,  breed¬ 
ing  condition,  June,  1951,  rocky  canyon  and  cliff  association;  1  ad. 

December,  1951,  persimmon-walnut  association;  1  ad.  $,  Decem¬ 
ber,  19  51,  rocky  canyon  and  cliff  association. 

The  towhees  preferred  the  limestone  talus  slopes  of  deep  canyons,  but 
they  occasionally  strayed  onto  the  adjacent  hillsides,  or  down  into  the 
heavier  vegetation  lining  the  stream  beds.  Towhees  were  common  both  in 
summer  and  in  winter. 

Calamospiza  inelanocorys  Stejneger — Lark  Bunting— 1  ad.  $,  March,  1951. 
This  species  was  collected  at  Black  Gap  by  W.  B.  Davis. 

Aimophila  rtcficeps  eremoeca  (Brown)— Rock  Sparrow— 1  ad.  2  ,  breeding 
condition,  June,  1951,  rocky  canyon  and  cliff  association;  2  ad.  (5, 
breeding  condition,  June,  1951,  rocky  canyon  and  cliff  association. 
Rock  sparrows  were  common  permanent  residents  of  the  Black  Gap 
area.  They  were  found  most  often  on  boulder-strewn  talus  slopes  of  rocky 
canyons. 

Ain  phis  piza  hilineata  deserticola  Ridg  way— Desert  Sparrow— 2  ad.  $  , 
March,  1951;  1  ad.  <5,  breeding  condition,  June,  1951,  sotol-lechu- 
guilla  association;  1  ad.  breeding  condition,  June,  1951,  huisache- 
creosote  bush  association;  1  ad.  $,  breeding  condition,  July,  1951, 
huisache-creosote  bush  association. 

These  specimens  have  been  referred  to  deserticola  because  of  the  brown¬ 
ish  tinge  on  the  back.  Van  Rossem  (1934)  compared  the  subspecies  confinis 
with  deserticola  as  follows:  .  similar  to  Amphispiza  hilineata  deserticola 

Ridgway  of  Arizona,  New  Mexico,  etc.,  but  even  paler  and  lacking  the 
pale  brown  tones  which  are  characteristic  of  deserticolad^ 

Desert  sparrows  were  common  in  all  associations  except  the  pond. 

Spizella  pallida  (Swainson) — Clay-colored  Sparrow— 1  ad.  $  ,  breeding 
condition,  June,  1951,  pond  association. 

We  saw  only  this  one  clay-colored  sparrow  while  we  were  collecting 
at  Black  Gap. 

Spizella  breweri  Cassin — Brewer’s  Sparrow — 3  ad.  2,  March,  1951. 

These  three  Brewer’s  sparrows  were  collected  by  W.  B.  Davis. 

Spizella  atrogularis  evura  Coues — Black-chinned  Sparrow — 1  ad.  $  ,  March, 
1951. 

This  species  was  collected  by  W.  B.  Davis. 

Spizella  pusilla  arenacea  Chadbourne — Western  Field  Sparrow — 1  ad.  2  j 
March,  1951. 

Van  Tyne  and  Sutton  failed  to  record  this  species  from  Brewster 
County. 
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Xonotrichia  leucophrys  gambeli  (Nuttall) — Gambel’s  Sparrow-— -1  ad.  9  , 
March,  1951. 

The  one  specimen  was  collected  by  W.  B.  Davis. 

SUMMARY 

The  Black  Gap  area  of  Brewster  County,  Texas  is  characterized  by 
rolling  limestone  hills  interrupted  by  higher  buttes  and  peaks,  many  of 
them  capped  by  basaltic  lava.  The  climate  is  dry,  and  temperature  extremes 
are  1 1  °  F.  to  1 14°  F. 

One  hundred  and  sixty-nine  species  of  plants  were  collected  in  the  area. 
Seven  ecological  associations  are  described:  persimmon-walnut  associa¬ 
tion  of  the  stream  banks,  mesquite-huisache  association  of  the  floodplains, 
pond  association,  rocky  canyons  and  clilf  association,  huisache-creosote  bush 
association  of  the  rolling  hills  and  basins,  sotol-lechuguilla  association  of  the 
upper  slopes  of  the  limestone  hills  and  lower  edges  of  lava  talus  slopes,  and 
grama-pickly  pear  association  of  the  upper  lava  talus  slopes  and  lava  peaks. 

On  the  basis  of  49  man  days  sent  in  the  field  during  the  months  of 
March,  June,  July,  and  December  of  1951,  61  species  of  birds,  36  of  which 
gave  evidence  of  breeding  there,  have  been  recorded  for  the  area.  Five 
species,  Cygnus  cohimbianus,  Aythya  collaris,  Larus  atricilla,  Crotophaga 
mlcirostris y  and  Spizella  pttsilla,  are  new  records  for  Brewster  County. 
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CULTURAL  CHANGE  AS  REVEALED  IN  COCHITI  PUEBLO 
HUNTING  CUSTOMS  =•' 


CHARLES  H.  LANGE 
The  University  of  Texas 

Pueblo  Indian  cultures  of  the  American  Southwest  have  traditionally 
been  characterized  as  agricultural,  and  a  considerable  literature  has  accumu¬ 
lated  in  support  of  this  appraisal.  Stress  upon  this  dominant  pattern  is  seen  in 
discussions  of  both  the  economic  aspects  of  Puebloan  agriculture  and  the 
ceremonialism  so  closely  integrated  with  this  farming  life.  Somewhat  ob¬ 
scured  by  these  emphases,  the  significance  of  hunting  in  the  various  Pueblo 
cultures  appears  to  have  been  slighted. 

There  are,  however,  scattered  references  suggsting  real  importance  of 
hunting  activities.  At  Acoma  Pueblo,  White  (1943,  pp.  3  3  5-3  37)  was  told 
of  an  18  87  antelope  hunt  on  the  Plains  of  San  Augustine  in  which  the 
Acoma  hunters  killed  744  antelope  as  well  as  some  other  game.  Assuming 
this  incident  to  have  been  unusually  successful,  periodic  hunts  yielding  only 
a  portion  of  this  total  bag,  but  necessitating  approximately  the  same  amount 
of  man-hours  and  effort,  certainly  indicate  that  hunting  was  a  highly 
important  phase  of  Pueblo  culture  as  little  as  a  century  ago.  Ethnological 
data  from  the  Rio  Grande  Pueblos  and  historical  accounts  of  the  Spanish 
and  Anglo-American  periods  further  confirm  this  evaluation  and  even  hint 
at  a  still  greater  significance  in  earlier  times. 

Frequent  mention  can  be  found  of  expeditions,  sometimes  of  single 
pueblo  groups  and  sometimes  of  joint  inter-pueblo  parties,  going  into  the 
adjacent  plains  areas  to  hunt  buffalo  and  antelope.  At  Santo  Domingo,  in 
18  80,  Bandelier  (1880,  September  24)  was  told  that  there  were  between 
forty  and  fifty  men  whose  sole  occupation  was  hunting.  Some  hunted 
buffalo,  others  the  deer  and  antelope,  and  still  others  hunted  horses  and 
small  game.  On  expeditions  going  any  appreciable  distance  from  the  pueblo, 
the  game  was  skinned,  and  the  meat  cut  into  thin  strips.  It  was  then  sun 
dried,  or  jerked,  after  which  it  was  wrapped  in  hides  and  packed  on  horses 
or  mules,  or  sometimes  loaded  into  small  carts.  Upon  arrival  at  the  home 
pueblo,  it  was  distributed  among  the  people. 

Bandelier  mentioned  no  comparable  groups  of  hunting  specialists  at 
the  neighboring  pueblo  of  Cochiti,  and  my  informants  were  unanimous 
in  the  opinion  that  such  had  never  existed.  However,  a  number  of  stories, 
still  common  knowledge  among  older  Cochiti,  reveal  that  hunting  parties 
of  considerable  size  were  formerly  sent  out  from  the  village.  These  were 
sometimes  limited  to  the  Cochiti  and  at  other  times  were  expanded  to  in¬ 
clude  Santo  Domingo  and  other  Keresan  hunters  or  occasionally  Tewa  hunt¬ 
ers  from  the  north.  Most  hunts  were  conducted  in  the  upper  drainage  of 


*  This  paper  was  presented  at  the  ann-jal  meeting  of  the  Texas  Academy  of  Science. 
December  4-6,  1952.  Field  research  at  Cochiti  Pueblo,  New  Mexico,  has  been  con¬ 
ducted  by  the  writer  during  several  periods  since  1946.  Summer  research  in  1951  and 
1952  was  made  possible  through  grants-in-aid  from  the  Institute  of  Latin  American 
Studies,  The  University  of  Texas. 
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the  Pecos  River.  Here  they  encroached  upon  the  territory  claimed  at  vari¬ 
ous  times  by  the  various  Apache  tribes,  the  Kiowa,  and  the  Comanche. 
Battles  of  varying  intensity  were  often  fought  as  hunters  competed  for 
the  game,  Benedict  (1931,  pp.  108-109,  197-200),  Curtis  (1926,  p.  77), 
and  the  writer  (1931,  pp.  147-148)  have  published  accounts  of  these  in¬ 
cidents. 

At  present,  hunting  at  Cocliiti,  with  a  few  exceptions,  is  far  less  im¬ 
portant  than  in  former  times.  Many  individuals  no  longer  hunt  at  all,  while 
others  engage  only  in  the  relatively  few  communal  hunts  primarily  for 
rabbits  and  other  small  game.  Other  hunting  activity  is  limited  generally 
to  younger  men  who  hunt  individually  or  in  small  informal  groups.  Such 
hunting  is  carried  on  with  about  the  same  gamut  of  emotions  and  attitudes 
with  which  hunters  from  our  own  culture  participate  in  assorted  hunting 
seasons.  The  main  features  of  Cochiti  hunting  practices  now  and  as  far 
back  in  time  as  they  can  be  traced,  together  with  the  changes  which  have 
occurred  through  the  years,  can  be  summarized  as  follows. 

Cochiti  hunting  practices  fall  into  two  categories:  individual  and 
communal.  Traditionally,  emphasis  has  been  upon  communal  efforts  al¬ 
though,  as  noted,  this  has  been  slowly  reversed.  Communal  drives  were  em¬ 
ployed  in  hunting  deer,  elk,  antelope,  buffalo,  and  mountain  sheep.  Occas¬ 
ionally,  in  these  drives  or  surrounds,  bears  and  mountain  lions  were  included 
in  the  catch.  Communal  hunts  were  held  under  the  direction  of  the  two 
war  captains,  as  is  true  today  of  rabbit  hunts,  the  sole  remaining  form  of 
comm.unal  hunting.  Announcement  of  the  hunt  was  made  four  days  ahead 
of  time,  and  all  hunters  turned  out.  Bows  and  arrows,  iron-tipped  spears, 
clubs,  and,  in  later  years,  firearms  were  used.  While  the  war  captains  di¬ 
rected  the  hunt,  i.e.,  determined  the  day  and  time  and  selected  the  loca¬ 
tion,  the  actual  success  of  the  hunt  depended  upon  the  hunt  chief,  the 
Head  (na-wai^ya)  of  the  Hunting  Society  (the  Sha/yak).  According  to 
Curtis  (1926,  p.  74),  this  man  was  also  known  as  "Cougar  Man” 
(Mukats^'-hatstse) .  The  Hunting  Society  exercised  ceremonial  control  over 
game  and  hunting. 

In  1913,  Parsons  (1919,  p.  206)  observed  this  ceremonial  figure  in 
action,  but  by  the  time  of  Curtis’  studies,  some  ten  years  later,  the  Hunting 
Society  had  disappeared  from  Cochiti.  Its  functions  had  been  assumed  by 
the  Shkkame  Society  with  the  Head  Shi'^kame  serving  as  "Cougar  Man.” 
Gcldfrank  (1927,  pp.  46-47)  noted  this  shift  with  the  following  comments. 

Lastly,  there  is  the  Hunting  Society  whose  membership  in  Cochiti  is 
identical  with  that  of  the  Cikame  society.  The  officers  of  the  Cikame  society 
are  called  by  the  same  name  as  the  supernaturals  in  charge  of  the  hunt 
( caiak,  djaikatse,  dreikatse, ) .  .  .  . 

Just  how  the  Hunting  Society  became  identical  with  the  Cikame  I  did 
not  learn.  I  believe  that,  as  in  the  other  villages,  the  Hunting  society  was 
originally  independent.  Today  practically  no  one  hunts,  although  .my  inform¬ 
ant  was  able  to  give  me  many  details  of  former  days,  and  with  the  lessening 
of  interest  and  falling  off  of  membership,  perhaps  the  functions  and  ritual 
were  assumed  by  the  Cikame. 

With  subsequent  evidence,  it  would  appear  more  accurate  to  state 
that  when  the  last  Shai^yak  died,  Shakyak  functions  were  assumed  by,  or 
delegated  to,  the  Shkkarne  medicine  men,  with  no  particular  intention  of 
duplicating  membership  ever .  being  present.  As  suggested  by  Goldfrank’s 
reference  to  "lessening  of  interest  and  falling  off  of  membership,”  even  the 
surviving  Sh/kame  Society  has  suffered  with  the  passing  years.  For  almost 
the  past  decade,  the  Head  of  the  ShFkame  Society  has  been  the  sole  member. 
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In  data  presented  by  Goldfrank  and  from  material  from  my  inform¬ 
ants,  mention  was  made  of  the  Shidiame  Head  in  his  role  of  "Cougar  Man” 
for  the  communal  hunts.  Curtis  (1926,  pp.  74,  76)  stated  this  role  char¬ 
acterized  the  drives  for  big  game  and  rabbits  alike;  today,  as  noted,  these 
drives  are  almost  solely  restricted  to  small  game.  This  last  notation  is  in¬ 
teresting  in  light  of  a  statement  by  Dumarest  (1919,  p.  189)  that  "For 
shikarne  chaiani  [ShFkame  medicine  men,  C.  L.J,  rabbit  meat  is  also  a 
poison,” 

Formerly,  if  a  deer  hunt  was  to  be  held  for  the  benefit  of  the  cacique, 
the  tribal  religious  head,  the  war  captains  were  in  charge.  For  such  a  hunt, 
the  ShaFyak  Head  (today,  the  Shi'kame  Head)  must  be  there.  During  a 
meeting  at  the  first  night’s  camp,  the  war  captain  explained  how  the  hunt 
was  to  be  conducted.  The  Shai'yak  added  that  the  hunt  was  for  the  cacique 
who  in  turn  cared  for  all  his  "children,”  the  people  of  the  village.  The  war 
captains’  helpers,  the  go'at-chini,  assisted  in  maintaining  order  and  hunt  dis¬ 
cipline.  Today,  the  men  go  anywhere  they  feel  there  will  be  good  hunting. 
If  some  game  is  killed,  a  goCtc'^hini  is  directed  by  the  hunter  to  go  get  the 
carcass  and  bring  it  into  camp.  Meanwhile,  the  hunter  returns  to  hunt  for 
other  game  (92 ) . 

On  communal  hunts,  men  were  stationed  at  intervals,  and  at  a  given 
signal,  they  converged.  Just  north  of  Cochiti  Dam,  there  is  a  box  canon 
opening  into  the  Rio  Crande  Valley  from  the  east.  This  was  formerly 
used  as  a  trap  for  deer  and  antelope.  Pit  traps  for  mountain  sheep  can 
still  be  seen  in  the  mountains  northwest  of  Cochiti.  These  were  located  in 
narrow  portions  of  the  trails  and  were  covered  with  grass  matting  and 
dust.  Hunters  drove  the  sheep  up  the  trails  into  these  pits,  shooting  those 
animals  which  fell  into  them. 

Present-day  communal  hunting  consists  largely  of  the  four  annual 
rabbit  hunts.  Two  of  these  are  for  the  cacique  and  are  by  men  alone.  These 
occur  just  before  the  cacique’s  corn  field  is  planted  by  the  men  of  the  tribe 
and  again  just  before  the  community  harvests  this  crop.  On  the  other  two 
rabbit  hunts  both  men  and  women  participate.  At  these  hunts  the  game  is 
kept  by  the  women  or  taken  by  the  woman  who  first  reaches  a  man  who 
has  caught  a  rabbit.  Four  days  later  she  must  return  this  present  in  the 
form  of  flour  or  bread.  If  a  man  and  woman  should  both  chase  a  rabbit  and 
the  woman  catches  it  while  still  alive,  the  man  and  the  woman  must  ex¬ 
change  their  clothing  on  the  spot.  Later,  the  man  brings  the  woman  a  pres¬ 
ent  of  food  and  the  clothing  is  returned  by  each.  If  two  women  should 
catch  a  rabbit  simultaneously  and  be  struggling  for  its  possession,  a  third 
person  can  take  it  by  coming  close  and  howling  like  a  wolf,  wildcat,  or 
mountain  lion.  An  interesting  twist  of  this  custom  occurred  during  the 
1950  deer  hunting  season  when  possession  of  a  freshly  killed  buck  was  being 
disputed  by  two  hunters  from  Santo  Domingo  and  a  Cochiti  hunter.  A  sec¬ 
ond  Cochiti  hunter  approached,  perceived  the  situation,  and  howled  like  a 
wolf.  Although  surprised  and  chagrined  over  this  turn  of  events,  the  three 
contestants  acknowledged  the  rule  and  yielded  their  claims  to  the  animal 
(42). 

Informants  were  of  the  opinion  that  communal  hunting  continued 
until  the  time  the  tribe  acquired  a  fair  number  of  firearms,  perhaps  forty 
or  fifty  years  ago.  Since  that  time,  there  has  been  an  increasing  amount  of 
individual  effort,  most  commonly  by  small  groups,  but  in  any  case  work¬ 
ing  without  direct  sanction  of  the  medicine  societies.  Certain  hunting  cus- 
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toms  persist  even  under  these  changes.  Before  going,  all  hunters  agree  to 
the  rules  for  that  particular  occasion.  These  include  agreements  that  the 
first  to  touch  an  animal,  regardless  of  who  actually  shot  it,  becomes  the 
possessor  of  it.  In  such  cases,  the  toucher  is  described  as  the  one  who  is 
"strong.”  Another  rule  states  that  if  a  deer  is  hit,  but  is  able  to  cross  over 
one  hill  or  ridge,  it  can  be  fired  upon  by  another  hunter  and  claimed  by 
him  if  the  shot  is  good  (42) . 

Of  special  interest  in  Cochiti  hunting  is  the  killing  of  a  bear  (koTai-o), 
mountain  lion  (moTatch),  or  eagle  (d^a'me).  This  was  formerly  considered 
equal  to  the  killing  of  a  human  enemy.  Until  the  Warriors’  Society,  or 
Ompi,  became  extinct  near  the  close  of  the  nineteenth  century,  eligibility 
for  membership  was  achieved  by  killing  either  an  enemy  or  one  of  these 
three  animals  of  prey.  Informants  stated  that  the  Cochiti  made  no  distinc¬ 
tion  in  prestige  accorded  a  man  killer  or  an  animal  killer. 

Some  suggested  that  this  high  status  developed  only  as  the  region 
became  less  subjected  to  inter-tribal  raids  and  warfare  late  in  the  last  cen¬ 
tury.  Whether  this  trend  represented  a  complete  substitution  aimed  at 
perpetuating  the  Ompi,  or  was  simply  an  amalgamation  of  two  earlier  dis¬ 
tinct  societies,  or  a  merger  of  two  grades  within  the  one  Ompi  Society,  could 
not  be  learned  from  present  day  informants.  One  explanation  was  that  the 
animal  Ompi  were  simply  substitutes  who  came  in  following  the  request 
of  some  person  for  a  Matalote,  or  War,  Dance.  Only  one  old  man  knew 
the  songs,  and  he  requested  permission  of  the  tribal  Council  of  Principales 
to  recruit  assistance  from  these  animal  killers.  This  was  about  1900  (88). 
White  (1942,  p.  132)  found  that  there  were  two  forms  of  Ompi  (Opi)  at 
Santa  Ana  Pueblo,  the  man  killers,  now  extinct,  and  the  animal  killers  with 
four  members  in  193  5. 

At  present,  with  the  Cochiti  Ompi  no  longer  in  existence,  special  rec¬ 
ognition  is  still  given  these  animal  killers.  Informants  were  able  to  list  four¬ 
teen  pairs  of  hunting  "brothers”  (sa-t^um^she)  as  well  as  one  instance  of 
a  "brother-sister”  (sa'^meme  -  sa^meme)  pair.  These  terms  arise  from  the  fact 
that  the  Cochiti  believe  that  by  killing  a  bear,  lion,  or  eagle,  a  "brother” 
relationship  is  established  by  the  first  two  persons  to  touch  the  body  of  the 
animal.  Similarly,  if  a  woman  should  be  one  of  the  first  two  individuals  to 
touch  it,  she  would  become  a  "sister.”  Formerly,  these  two  were  then  eli¬ 
gible  to  join  the  Ompi.  Today,  this  relationship  involves  the  use  of  the  ap¬ 
propriate  "brother”  or  "brother-sister”  terminology  with  all  the  obligations 
and  privileges  these  terms  carry.  However,  the  other  members  of  the  in¬ 
volved  families  do  not  participate  in  this  relationship. 

The  actual  killing  of  an  animal  is  credited  by  the  Cochiti  to  the  person 
who  first  touches  the  animal  with  his  hand,  gun,  or  stick;  his  "sibling”  is 
the  second  person  to  do  this,  (Those  familiar  with  the  coup  counting  of 
various  Plains  tribes  will  note  certain  similarities  with  these  Cochiti  cus¬ 
toms.)  It  is  therefore  conceivable  that  the  hunter  who  actually  fires  the 
fatal  shot  or  set  the  trap  would  be  entirely  excluded  from  the  ritual  and 
resultant  kinship  status.  This  occasionally  occurs  in  actual  practice. 

If  the  hunter  should  be  alone  at  the  time  of  the  killing,  he  proceeds 
to  the  village  after  skinning  the  carcass.  A  half  mile  from  the  pueblo,  either 
north  or  west  of  it,  he  fires  a  warning  shot  and  utters  a  war-whoop  which 
he  repeats  as  he  comes  toward  the  village.  Others,  as  soon  as  they  become 
aware  of  his  approach  and  recognize  the  significance  of  it,  rush  to  meet 
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him.  The  first  person  to  reach  him  congratulates  him,  shaking  his  hand, 
and  thereby  becomes  his  "brother.”  Then  the  two  continue  on  together 
until  they  meet  the  war  captain  to  whom  they  give  the  details  of  the  hunt. 

If  the  kill  is  made  by  one  of  a  hunting  party,  the  second  man,  or 
"brother,”  is  sent  into  the  pueblo  to  deliver  the  news  to  the  war  captain, 
proceeding  approximately  as  described  above. 

While  the  war  captain  announces  the  news  of  the  kill  to  the  people, 
the  killer  builds  a  fire  near  the  skin  of  the  lion  or  eagle,  or  the  skin  and 
carcass  of  the  bear.  These  have  been  brought  in  to  a  spot  several  hundred 
yards  north  or  west  of  the  pueblo.  The  smoke  serves  as  a  marker,  which 
is  then  approached  by  the  tribesmen.  The  medicine  men,  in  particular, 
rush  to  touch  the  skin  of  a  bear.  The  first  to  do  so  is  given  the  left  front 
paw  and  forearm,  which,  since  the  bear  is  believed  to  be  left-handed,  is 
the  most  potent  so  far  as  medicine  is  concerned.  Second  choice  is  the  right 
forearm  and  paw;  the  third,  the  left  rear;  and  fourth,  the  right  rear.  These 
paws  become  the  personal  property  of  the  medicine  men.  Instead  of  keep¬ 
ing  these  intact,  sometimes  only  the  claws  are  kept.  These  are  made  into 
necklaces  or  bracelets  which  form  integral  parts  of  the  shaman’s  para¬ 
phernalia.  The  same  is  true  of  the  claws  of  a  mountain  lion. 

At  the  same  time,  the  adult  males  pretend  to  attack,  carrying  bows 
and  arrows,  clubs,  spears,  shields,  and  firearms.  Upon  reaching  the  kill, 
they  rush  upon  it,  striking  it  as  though  counting  a  coup.  Each  person  is 
then  given  a  small  portion  of  the  meat  (only  in  the  case  of  a  bear).  This 
is  carried  aloft  on  the  end  of  a  gun  barrel  or  on  an  arrow  or  spear.  Three 
songs  are  sung,  and  as  the  fourth  is  sung  the  entire  group  moves  toward 

the  pueblo.  The  skin  (and  remains  of  the  body  in  case  of  a  bear)  is  carried 

by  the  killer.  Arriving  at  the  northwest  corner  of  the  village,  the  group 
circles  the  streets  in  a  counterclockwise  circuit.  Arriving  at  the  point  of 
entry,  the  procession  repeats  a  portion  of  the  route  until  it  reaches  the 
Flint-Ko'shari  house,  the  "capitol,”  or  hoAhani-itsi.  This  is  the  "office” 
of  the  cacique,  the  head  medicine  man  of  the  pueblo.  Here  another  song  is 
sung,  and  then  the  group  enters  the  plaza,  which  is  circled  four  times  in 
a  counterclockwise  circuit.  While  moving  through  the  pueblo  and  around 
the  plaza,  the  cycle  of  four  songs  is  repeated.  They  are  stopped  at  inter¬ 
vals  by  women  who  are  carrying  corn-mush  stirring  sticks  or  grinding 

stones,  manos.  Each  time,  the  skin  is  laid  on  the  ground,  and  the  women 
beat  it  with  their  weapons,  uttering  animal  cries  as  they  do  so.  After  beat¬ 
ing  the  skin,  the  women  sprinkle  corn  meal  upon  it. 

Next,  the  killer,  his  "brother,”  and  the  close  relatives  of  each  go  to 
the  killer’s  home  where  a  feast  has  been  prepared.  It  is  at  the  time  of  this 
meal  that  the  "brother”  relationship  becomes  establish3d.  No  particular 
attention  is  paid  the  animal  skin  at  this  time  except  for  the  fact  that  no 
person,  other  than  the  "brothers,”  can  touch  it  (44). 

Another  version  of  this  procedure,  somewhat  abbreviated  and  prob¬ 
ably  indicative  of  a  sloughing  off  of  ritual  detail,  describes  the  group  circling 
the  village  and  then  going  directly  to  the  home  of  the  killer,  omitting  the 
stop  at  hoThani-itsa  and  the  circling  of  the  plaza  (92) . 

After  the  feast,  the  relationship  is  further  cemented  by  a  ceremonial 
head,  or  hair,  washing  of  the  "brothers”  by  their  feminine  relatives  (92). 
Another  informant  omitted  this  phase  which  again  could  be  interpreted 
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as  ritual  loss.  However,  since  the  first  informant  is  a  "brother”  and  the 
second  is  net,  it  is  more  likely  a  case  of  incomplete  knowledge  on  the  part 
of  the  second  informant. 

The  feasting  and  head  washing  accomplished,  the  "brothers”  choose 
one  of  the  tribe’s  three  medicine  societies  for  the  purpose  of  washing  and 
"properly  caring  for  the  skin.”  They  make  preparations  for  several  days, 
normally  being  ready  on  the  fourth  day. 

The  skin  is  then  taken  to  the  society  house  and  presented  to  the  medi¬ 
cine  men.  A  large  bowl  has  been  filled  with  water  and  the  crushed  roots 
of  a  certain  plant.  With  a  hollow  reed,  this  has  been  blown  into  a  heavy 
suds  in  which  the  skin  is  washed  by  the  medicine  men  and  returned  to  the 
killer.  An  informant  stated  that  the  medicine  men  also  washed  the  heads 
of  the  "brothers,”  although  others  denied  this.  However,  since  the  particu¬ 
lar  individual  had  experienced  this  ritual,  his  version  would  appear  to  be 
more  reliable  on  this  point. 

After  the  ritual,  the  killer  may  dispose  of  the  skin  in  any  way  he 
chooses.  Also,  following  the  ritual,  anyone  may  safely  touch  the  skin.  It 
is  at  the  time  of  washing  by  the  medicine  society  that  the  medicine  men 
take  the  leading  wing  feathers  and  the  down  from  an  eagle  since  these,  like 
the  previously  mentioned  portions  of  the  bear  or  lion,  are  also  important 
parts  of  their  equipment. 

Following  the  skin  washing  ceremony,  the  killer’s  family  brings  pres¬ 
ents  of  food  to  the  society.  These  foods  must  be  of  native  type,  since  foods 
purchased  in  the  stores  are  considered  unfit  for  the  use  of  a  medicine  man 
in  his  official  capacities. 

As  mentioned  earlier,  everyone  who  goes  to  meet  the  killer  of  a  bear 
receives  a  small  portion  of  the  meat.  As  the  procession  disbands,  the  people 
go  home  to  prepare  this  meat.  It  can  be  cooked  in  any  way.  After  eating 
the  meat,  each  person  draws  a  black  mark  on  both  cheeks  just  below  the 
eyes.  These  charcoal  marks  are  a  sign  that  the  person  has  eaten  bear  meat, 
and  they  are  left  on  until  after  the  society  has  ritually  washed  the  skin. 

After  the  bear  meat  has  been  eaten,  the  bones  cannot  be  thrown  into 
the  yard  or  corral  as  is  done  with  cattle  and  sheep  bones.  Bear  bones  are 
carefully  gathered  and  carried  either  to  the  river,  where  they  are  thrown 
in,  or  to  certain  shrines  located  in  the  surrounding  hills.  Skulls  of  the  three 
animals  are  almost  always  taken  to  such  shrines,  normally  being  buried  be¬ 
neath  a  stone.  If  it  was  an  eagle,  the  entire  carcass  is  disposed  of  similarly. 
This  procedure  is  accompanied  by  offerings  of  miniature  loaves  of  bread 
or  pieces  of  paper  bread  (mat^zin)  or  sometimes  corn  meal  (shka^'lina,  or 
kun'ke)  or  corn  pollen  (haTawe). 

Lion  and  eagle  meat  are  never  eaten  and  in  the  case  of  a  lion  only 
the  skull  and  skin  are  brought  back  to  the  pueblo.  The  remainder  of  the 
carcass  is  buried  at  the  spot  where  it  was  killed. 

In  summary,  Cochiti  hunting  has  decreased  in  cultural  importance 
under  the  combined  impact  of  a  money  economy  imposed  by  our  culture 
and  a  decline  in  both  hunting  opportunities  and  game  supply.  Aside  from 
the  few  annual  rabbit  hunts  involving  limited  ceremonial  aspects,  communal 
hunting  has  disappeared.  Religious  feelings  have  all  but  disappeared  in  per¬ 
sonal  and  small  group  hunting  aside  from  the  ritual  brotherhood  and  some 
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use  of  hunting  fetishes.  Hunting  is  but  one  of  numerous  examples  of  how 
this  culture  is  losing  its  traditionally  distinctive  character  and  rapidly  fad¬ 
ing  into  the  dominant  culture  patterns  of  the  Anglo-Americans. 


BIBLIOGRAPHY 

Bandelier,  Adolph  F. — 1880 — Journal  of  1880.  Unpublished  manuscript,  Archives, 
Museum  of  New  Mexico,  Santa  Fe.  182  pp. 

Benedict,  Ruth  F. — 1931 — Tales  of  the  Cochiti  Indians,  Bulletin  98,  Bureau  of 
American  Ethnology,  Washington.  256  pp. 

Curtis,  Edward  F. — 1926 — The  North  American  Indian,  Volume  XVI,  Norwood, 
Massachusetts.  322  pp. 

Dumarest,  Father  Noel — 1919 — Notes  on  Cochiti,  Nciv  Mexico  (edited  by  Elsie 
Clews  Parsons),  Memoirs,  Volume  VI,  Number  3,  American  Anthropological 
Association,  pp.  139-236. 

Goldfrank,  Esther  S. — 1927 — The  Social  and  Ceremonial  Organization  of  Cochiti, 
Memoir  Number  33,  American  Anthropological  Association.  129  pp. 

Lange,  Charles  H. — 1951 — An  Evaluation  of  Economic  Factors  in  Cochiti  Pueblo 
Culture  Change,  Unpublished  dissertation.  The  University  of  New  Mexico 
Library,  Albuquerque.  522  pp. 

Parsons,  Elsie  Clews — 1919 — Editor  of  Notes  on  Cochiti,  New  Mexico,  by  Father 
Noel  Dumarest,  Memoirs,  Volume  VI,  Number  3,  American  Anthropological 
Association,  pp.  139-236. 

White,  Leslie  A. — 1942 — The  Pueblo  of  Santa  Ana,  New  Mexico,  Memoir  Num¬ 
ber  60,  American  Anthropological  Association.  360  pp. 

- 1943 — New  Material  from  Acoma,  Bulletin  136,  Bureau  of  American  Eth¬ 
nology,  Washington,  pp.  305-359. 


FORCED  BENDING  VIBRATION  OF  NONUNIFORM  BEAMS 
WITH  PERIODIC  EXCITATION 


ROBERT  B.  GRANT  AND  JAMES  G.  STEWART 
Department  of  Engineering  Mechanics 
Southwest  Research  Institute 
San  Antonio,  Texas 

INTRODUCTION 

The  theory  of  forced  vibrations  of  linear  systems  has  been  thoroughly 
developed  and  is  well  known;  however  application  of  the  theory  to  physical 
structures  presents  a  great  many  problems  to  the  analyst  or  engineering 
designer.  Except  for  the  simplest  cases,  analytical  solutions  are  neither  prac¬ 
tical  to  obtain  nor,  in  general,  desirable  from  the  point  of  view  of  actual 
application. 

Consequently,  engineering  analysis  in  this  field  has  tended  toward  the 
numerical  viewpoint,  and  many  such  methods  suitable  for  vibration  analysis 
are  listed  in  the  literature.  Such  methods  are  given  by  Den  Hartog  (1947), 
Myklestad  (1944a),  Stodola  (1924),  Timoshenko  (1937),  Wilson  (1940), 
and  McLachlan  (1931).  In  particular,  methods  for  studying  the  forced  and 
free  motion  of  nonuniform  beams  have  been  given  a  great  deal  of  atten¬ 
tion.  Pertinent  methods  have  been  discussed  by  Den  Hartog  (1947),  Kar- 
man  and  Biot  (1940),  Myklestad  (1944),  and  Saibel  (1944).  This  is  un¬ 
derstandable  when  one  considers  the  application  to  such  important  fields 
as  aircraft  design. 

There  are  two  basic  methods  for  calculating  the  vibration  modes  of  a 
structure.  One  method  involves  the  assumption  of  a  frequency  and  a  com¬ 
putation  of  the  mode  shape.  The  other  involves  the  assumption  of  a  mode 
shape  followed  by  computation  of  the  corresponding  frequency.  Satisfying 
appropriate  boundary  conditions  either  by  trial  and  error  or  by  iterative 
procedures  yields  the  desired  information.  These  basic  ideas  are  fully  de¬ 
scribed  by  Den  Hartog  (1947).  Using  these  vibration  modes  as  generalized 
coordinates,  the  forced  response  of  a  structure  may  be  obtained  by  a  simple 
algebraic  combination  of  the  individual  responses  in  the  vibration  modes 
as  described  by  Timoshenko  ( 1937) . 

The  method  of  numerical  analysis  presented  herein  represents  an  attack 
on  one  important  phase  of  the  structural  vibration  problem,  the  forced  vi¬ 
bration  of  nonuniform  beams  caused  by  periodic  excitation.  Within  the 
scope  of  this  presentation,  only  uncoupled  bending  vibration  is  considered. 
It  is  intended  that  the  analysis  of  more  complicated  cases  will  be  consid¬ 
ered  at  a  later  time.  The  study  of  this  particular  phase  was  motivated  by 
a  problem  arising  in  the  analysis  of  an  automatic  repeating  mechanism. 

The  present  method  departs  from  the  usual  procedure  for  finding 
forced  responses  in  that  it  is  not  necessary  to  first  compute  the  responses 
of  each  individual  vibration  mode.  In  basic  idea,  it  is  very  similar  to  the 
Holzer  (1921)  method  for  free  torsional  vibrations.  It  differs  in  technique 
from  the  method  of  Myklestad  (1944)  in  that  it  does  not  require  a  beam 
to  be  broken  up  into  a  set  of  discrete  masses  and  equivalent  springs  and 
requires  no  precomputation  of  quantities  which  seem  only  remotely  related 
to  the  usual  engineering  concepts.  The  method  has  two  distinct  advantages: 
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1.  It  follows  physical  reasoning  very  closely. 

2.  A  numerical  procedure  is  used  which  simplifies  numerical  com¬ 
putation  and  tabulation. 


ANALYSIS 


The  basic  partial  differential  equation  governing  the  lateral  free  vibra¬ 
tion  of  prismatical  bars  is 


(I) 


df‘ 


(El 

bX^ 


where 

m  =  mass  per  unit  length 
El  =  flexural  rigidity 
y  =  lateral  displacement 

X  =  measure  of  length  along  longitudinal  axis 
t  =  time. 

For  forced  vibrations,  an  additional  forcing  term  may  be  added  to  the 
right  hand  side  of  Eq.  ( 1 )  ;  but  for  the  purposes  to  be  followed  here,  it 
will  be  advantageous  to  consider  a  forced  vibration  as  a  free  vibration 
modified  by  appropriate  boundary  considerations.  Further,  we  shall  consider 
only  harmonic  forcing  functions,  since  it  is  quite  obvious  that  the  principle 
of  superposition  will  apply  in  obtaining  the  solution  for  any  other  type  of 
periodic  disturbance. 

We  consider  now  a  beam  governed  by  Eq.  ( 1 )  and  excited  by  an 
harmonic  force,  FeJ^^,  of  magnitude  F  and  circular  frequency  w.  When 
the  steady  state  motion  is  obtained,  the  forced  solution  will  then  be  of  the 
form 


(2)  h  = 

where  h  represents  a  particular  solution  of  amplitude  h„.  Substituting 
Eq,  (2)  into  Eq.  (1)  (which  it  identically  satisfies),  we  obtain  the  ordi¬ 
nary  differential  equation 

(3)  = 

dx^  dx^ 

In  Eq.  ( 3 ) ,  the  right  hand  side  represents  the  inertia  loading  per  unit 
length  and  we  have  the  well  known  equation  for  beam  deflection  under 
static  loading. 

The  solution  of  Eq.  (3)  can  be  reduced  to  four  successive  quadratures 
even  though  ho(x)  is  an  unknown  function  by  numerically  integrating  step¬ 
wise  along  the  beam  from  one  end  to  the  other.  The  basic  equation  for 
numerical  computation  is  Eq.  (3)  rewritten  in  the  form 

(4)  -A(E|i!E^) 

dx^  dx^ 

where  A  is  the  interval  length  for  the  numerical  integration.  Starting  with  an 
end  where  h,,  is  known  (ho  can  be  arbitrarily  assumed  if  necessary),  and  for 
a  particular  frequency  o>,  the  quantity  in  parentheses  in  Eq.  (4)  may  be 
computed.  Then  Eq.  (4)  may  be  completely  integrated  for  the  first  step 
using  a  trapezoidal  rule  for  computation  provided  all  boundary  conditions 

at  one  end  are  known.  The  term  is  carried  as  a  factor  purely  for  numeri¬ 
cal  convenience,  A  new  value  for  ho  at  the  next  step  or  station  may  then 
be  computed  and  integration  continued  spanwise. 
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M  -  -.02236  K  -  .0861^0 

DEFLECTION  AT  CENTER  -  ( .IjlliDC .20572)  +  (10.310l)(-.02236)  -  -.lli53"  M  -  -.011^63 

DEFLECTION  AT  CENTER  -  (.Iiliil)(.086ii0)  +  (10.310l)(-.011i63) 
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The  accompanying  tables  illustrate  the  details  of  the  method  (Table 
I  is  abbreviated  to  conserve  space).  Table  I  shows  the  calculations  for  a 
uniform  span  of  100  inch  length  (divided  into  20  intervals)  excited  by  a 
force  of  amplitude,  10  pounds  and  circular  frequency,  50  radians  per  sec¬ 
ond.  Two  cases  are  considered  in  this  table,  force  applied  at  center  (Station 
10)  and  force  applied  off  center  (Station  4).  Columns  K  and  M  apply 
for  both  cases  and  are  utilized  as  a  means  of  simply  treating  the  unknown 
boundary  conditions.  Column  F  provides  a  means  of  imposing  the  re¬ 
straints  set  up  by  the  exciting  force,  but  is  not  used  for  the  special  case 
of  symmetrical  loading. 

In  the  case  of  the  uniform  span,  it  is  clear  that  all  numerical  values 
at  Station  0  are  known  except  shear  and  slope  for  this  end  of  the  beam. 
This  difficulty  is  obviated  by  assuming  values  for  both.  For  convenience 
these  values  are  assumed  at  the  first  mid-station  and  taken  to  be  K  units 
of  shear  and  M  units  of  slope.  Using  these  midpoint  values  the  spanwise 
integration  can  be  started.  Since  K  and  M  will  be  factors  throughout,  the 
numerical  values  are  tabulated  in  the  two  columns  marked  K  and  M.  For 
the  symmetrical  case,  column  F  (as  noted  above)  need  not  be  used.  Each 
step  of  integration  can  be  carried  out  by  the  trapezoidal  rule  and  all  com¬ 
putations  in  the  entire  table  become  simple  algebraic  additions.  When  the 
table  is  complete,  the  restraints  of  known  shear  and  slope  at  Station  10 
may  then  be  imposed  to  evaluate  K  and  M.  From  these  values,  the  sym¬ 
metric  deflection  curve  may  be  computed. 

For  the  nonsymmetric  loading,  column  F’  is  utilized  to  superimpose 
the  shear  loading  of  the  external  force  of  amplitude  F  (F  =  10  in  this  case). 
In  other  words,  column  F  represents  the  additional  restraints  imposed  on 
the  vibration  mode  by  the  external  loading.  The  dotted  boxes  in  the  F 
column  under  "load”  indicate  the  forces  considered.  Actually  this  addi¬ 
tional  restraint  is  added  directly  in  the  "shear”  column  F.  Imposing  the 
known  moment  and  deflection  at  Station  20  yields  two  equations  to  be 
solved  for  K  and  M,  and  the  deflection  curve  is  obtained  as  before. 

Table  II  gives  the  results  for  maximum  deflection  in  the  above  cases 
and  additional  results  for  the  symmetric  case  with  higher  frequencies  of 
excitation.  Values  calculated  from  the  exact  analytic  solution  presented  by 
Timoshenko  (1937)  are  given  for  comparison.  The  greatest  error  indicated 
in  Table  II  is  less  than  4  per  cent  with  the  customary  pattern  of  least  error 


table  II 


Maxirnum  Deflections 
Symmetric  Loading 

h^,  (exact  solution)  h,,  (numerical  solution) 


50 

.1440 

.1453 

400 

.00196 

.00201 

600 

.00493 

.00401 

800 

.()0()78 

.00075 

Nonsymmetric  Loading 

50 

.08362 

.08463 

0\ 
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at  the  lowest  frequency.  The  only  exception  to  this  is  the  case,  m  =  600. 
The  discrepancy  noted  here  is  to  be  expected,  however,  since  the  excitation 
frequency  is  within  5  per  cent  of  the  third  natural  frequency.  All  in  all, 
the  indicated  close  agreement  between  numerical  and  exact  solutions  is 
well  within  the  limits  of  accuracy  of  the  physical  constants  used  in  engi¬ 
neering  practice.  In  fact,  fewer  intervals  of  integration  may  be  used  ( 5  or 
10)  and  still  satisfy  the  requirements  of  practice  for  most  analyses. 

The  preceding  work  concerned  itself  with  uniform  beams  because  exact 
results  were  available  for  comparison.  However,  the  facility  and  power  of 
the  method  become  apparent  only  when  we  apply  it  to  the  more  practical 
problems  involving  nonuniform  members.  Table  III  shows  the  calculations 
for  a  nonuniform  cantilever  of  length,  5 1  inches,  excited  by  a  force  at 
Station  7  (Station  0  is  the  free  end).  H  units  of  deflection  and  0  units  of 
slope  are  assumed  at  the  free  end  (more  conveniently  0  units  at  first  mid¬ 
station).  Known  conditions  at  the  fixed  end  serve  to  evaluate  H  and  0. 
While  no  analytic  solution  is  available  for  this  case,  the  deflection  curve 
can  be  obtained  by  the  tedious  classical  process  of  numerically  computing 
the  normal  modes  and  combining  the  responses  to  excitation  in  each  of  these 
modes.  Since  there  are  theoretically  an  infinite  number  of  modes,  care  must 
be  taken  in  this  process  to  include  all  the  important  modes  that  contribute 
to  the  forced  vibration.  The  result  for  end  deflection  by  the  present  method 
agrees  within  4  per  cent  with  the  classical  method’s  result. 

The  indicated  computations  for  this  work  were  carried  out  on  a  desk 
calculator.  This  is  not  too  tedious  a  process  but  for  more  complicated  cases 
or  where  a  great  many  analyses  must  be  carried  out,  the  possibilities  of 
using  an  automatic  digital  computer  should  be  considered.  Actually  it  would 
appear  advisable  in  the  development  of  any  numerical  method  at  present 
to  consider  its  adaptability  to  digital  computation,  for  today’s  trends  indi¬ 
cate  the  rapid  ascendancy  of  this  powerful  method  of  attack  on  scientific 
problems. 

The  present  numerical  method  seems  well  adapted  to  automatic  com¬ 
putation.  For  twenty  station  integration  as  used  herein,  any  machine  with 
one  hundred  memory  and  order  positions  should  be  capable  of  treating  the 
problem.  Machines  with  limited  memory  (CPC  and  ENIAC)  would  prob¬ 
ably  require  some  reading  out  of  critical  information  for  later  reuse,  e.g., 
deflection  in  terms  of  K,  M  and  F.  For  a  nonuniform  beam  when  a  limited 
memory  computer  is  to  be  used,  the  mass  distribution  may  have  to  be  read 
in  when  necessary  rather  than  being  stored  as  permanent  data.  Trapezoidal 
integration  is  very  simple  and  easily  programmed.  The  necessary  limits  on 
the  size  of  numbers  can  usually  be  obtained  by  consideration  of  the  original 
differential  equation  and  its  properties.  In  most  cases  the  desired  accuracy 
for  a  problem  of  this  type  can  be  obtained  by  appropriately  adjusting  the 
size  of  interval  of  integration. 
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THE  MOTION  OF  A  RIGID  BODY  WITH 
NONHOLONOMIC  CONSTRAINT 

V/ILLIAM  P.  MURDEN,  JR. 

Department  of  Engineering  Mechanics 
Southwest  Research  Institute 
San  Antonio,  Texas 

INTRODUCTION 

The  general  equations  of  rigid  body  motion  are  inherently  nonlinear. 
Yet,  the  great  majority  of  the  problems  considered  in  mechanics  texts  are 
solved  by  linear  approximations,  which  means  that  only  special  cases  of 
complicated  motions  are  considered.  This  approach  is  explained  largely  by 
the  completeness  of  the  theory  of  linear  differential  equations  and  the  lack 
of  any  comprehensive  theory  of  nonlinear  differential  equations. 

When  rigid  body  motion  involves  sliding  friction  constraint,  the  con¬ 
straint  is  nonholonomic,  requiring  for  its  expression,  in  general,  a  non- 
integrable  nonlinear  equation  involving  not  only  the  coordinates  but  also 
their  time  derivatives.  The  presence  of  such  constraints  further  restricts  the 
region  in  which  analytic  solutions  are  obtainable  by  linear  approximations. 
In  addition,  such  constraints  prohibit  the  automatic  derivation  of  the  equa¬ 
tions  of  motion  employing  the  Lagrangean  formulation.  It  is  understand¬ 
able,  therefore,  that  nonholonomic  systems  are  seldom  considered  in  texts 
on  classical  mechanics. 

The  solution  of  differential  equations  by  numerical  integration  is  far 
from  new.  Even  the  more  complete  texts,  however,  limit  their  discussions 
almost  completely  to  the  consideration  of  one-degree-of-freedom  systems, 
neglecting  systems  of  simultaneous  differential  equations.  This  omission 
may  be  excused  when  it  is  considered  that  only  the  comparatively  recent 
development  of  high-speed  digital  computers  has  made  the  numerical  solu¬ 
tion  of  complex  systems  of  simultaneous  differential  equations  feasible  from 
the  viewpoint  of  time  of  solution. 

The  present  paper  is  intended  to  indicate  the  special  nature  of  the 
equations  of  rigid  body  motion  which  makes  them  particularly  amenable 
to  numerical  integration  on  high-speed  digital  computers.  Complications 
presented  by  the  existence  of  nonholonomic  constraint  are  considered  to¬ 
gether  with  the  necessary  modifications  in  the  method  of  solution. 

While  the  principles  presented  are  applicable  to  any  rigid  body  motion, 
they  may  be  grasped  more  readily  by  the  consideration  of  a  specific  example. 
Since  the  motion  considered  is  not,  in  itself,  important,  detailed  derivation 
of  the  equations  of  motion  and  constraint  is  omitted  as  is  the  numerical 
solution  of  the  equations.  Extension  of  the  method  to  any  general  rigid 
body  motion  follows  the  consideration  of  the  example. 

A  SPECIFIC  NONHOLONOMIC  SYSTEM 

A  relatively  simple  nonholonomic  system  consists  of  a  sphere,  rolling 
with  slip  upon  an  inclined  plane,  acted  upon  by  a  couple  fixed  in  the  sphere 
and  of  constant  magnitude  C.  The  coordinate  system  employed  to  describe 
the  motion  is  indicated  in  Figure  1.  Here,  unit  vectors  I,  J,  K,  form  a 
right-handed  triad  designated  as  the  triad;  I  is  the  direction  of  steepest 
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descent  along  the  inclined  plane,  J  is  horizontal,  and  K  is  normal  to  the 
plane  and  directed  away  from  it.  Unit  vectors  i,  j,  k,  form  a  right-handed 
triad,  the  Aoc  triad;  k  designates  the  direction  of  the  applied  couple,  and 
i  il  K  X  k.  The  triads,  Aoc  and  Fa  are  related  by: 


(!) 

where: 
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Angles  (p  and  @  represent  rotation  about  K  and  i,  respectively.  A  third 
third  angle,  i//,  will  denote  rotation  about  k. 

In  vector  notation,  the  motion  of  the  mass  center  of  the  sphere  is 
given  by  Newton’s  equation: 

(3)  f 

where  F  is  the  resultant  force  acting  upon  the  sphere,  Vo  is  the  velocity  of 
the  mass  center,  and  the  Newtonian  dot  notation  is  used  for  time  deriva¬ 
tives.  Expanded  in  scalar  form.  Equation  (3)  becomes: 


(4) 

mgsinc'/iN  cosr  =  mx 

(5) 

"  /i  N  sin  T  =  m  y 

(6) 

N-mg  cos  «  =  mz 

where  m  is  the  mass  of  the  sphere,  g  the  acceleration  of  gravity,  e  the 
angle  of  elevation  of  the  plane,  jn  the  coefficient  of  kinetic  friction  between 
sphere  and  plane,  N  the  normal  component  of  the  constraint  force,  r  the 
angle  between  -I  and  the  frictional  component  of  the  constraint  force; 
X,  y,  z  represent  components  of  displacement  of  the  mass  center  parallel 
to  I,  J,  K,  respectively. 

The  angular  motion  of  the  sphere  is  given  by  Euler’s  equation: 

(7)  .  g  =  K 

where  G  is  the  resultant  torque  about  the  mass  center,  and  h  is  the  angular 
momentum  with  respect  to  the  mass  center.  In  scalar  components: 

a/iN  sin(  T-  ^)  -  m  f  ^  sin  ^  cos 

(9)  - o/iN  cos  9  cos(t -  ^)  -  s\n  6  *  ^  9  cos  9-^9) 

(10)  C^-a/tN  sin^cos(T-^)  =  mk^(^  +  ^cos@”^@sin0  ) 

where  a  is  the  radius  of  the  sphere,  and  k  is  the  radius  of  gyration  with 
respect  to  a  diameter.  Details  of  the  vector  algebra  employed  in  deriving 
the  scalar  equations  of  motion  are  discussed  in  such  texts  as  Synge  and 
Griffith  (1949). 

Eight  variables,  i.e.,  the  six  coordinates,  x,  y,  z,  (p,  @,  and  their  time 
derivatives,  plus  the  normal  reaction  N  and  the  friction  angle  T,  appear 
in  the  six  equations  of  motion.  Two  equations  of  constraint  are,  there¬ 
fore,  necessary.  The  first  of  these  equations  arises  from  what  may  be  called 
the  geometry  of  constraint,  i.e.,  the  requirement  that  the  sphere  remain 
in  contact  with  the  inclined  plane.  This  requirement  is  expressed  by: 

(II)  z  =  a  =  constant 

The  final  equation  of  constraint  defines  the  friction  angle  T.  Since  the 
sliding  friction  force  opposes  the  motion  of  the  point  of  contact,  the  angle 
T  is  definable  as  the  angle  between  I  and  the  instantaneous  velocity  of  the 
point  of  contact.  If  thi«:  veloriVv  Fe  denoted  bv  v^.  then: 

V|‘J  y  +  a  ( ^cos  ^  sin  @  sin  ^) 

■vj“J  k-Q{9  sin^  -  ^sin  ^  cos^) 


(12) 


ton  T 
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Equation  (11),  expressed  in  terms  of  coordinates  only,  may  be  combined 
with  Equation  (6),  permitting  the  evluation  of  N  as  mg  cos  e.  This  sub¬ 
stitution  made,  Equations  (6)  and  (11)  may  be  discarded,  leaving  six 
equations  in  six  variables.  Equation  (12),  however,  is  a  nonintegrable 
equation  in  the  time  derivatives  of  the  coordinates  and  may  not  be  em¬ 
ployed  directly  to  reduce  the  number  of  equations  of  motion.  The  final 
system  of  equations  to  be  solved  is: 

,  ,  y+a(@cos^+  sin^) 

(12)  ton  T  =  — — - —  ; 

X  -  a(@  sin  ^  ^  sin  ^  cos^l 

(13)  g(sin€  -  ficose  cosr)  -  K 

-ftq  cos€  sin  T  =  y 

(15)  o/ig  cos  €  sin  (r-  ^  )  =  (  ^  +  f  ^  sin  ^  cos 

(!6)  -  Q/ig  cose  cos  ^  cos  (t- ^)  -  sin9  +  ^6co%9  ~  i>9) 

d7)  C+-  a/xg  cose  sin5  cos  (t  -  «^)  -  (i/^+ ^  cos^- ^  isin  @) 


These  equations  constitute  a  system  of  simultaneous  nonlinear  dif¬ 
ferential  equations.  It  will  be  noted,  however,  that  the  second  time  de¬ 
rivatives  of  the  coordinates— more  briefly,  the  accelerations— appear  to  the 
first  power  only  in  the  equations  of  motion  and  not  at  all  in  Equation 
(12),  the  constraint  equation.  This  feature  distinguishes  the  equations  of 
rigid  body  motion  from  more  general  systems  of  simultaneous  nonlinear 
differential  equations  and  is  the  basis  for  the  system  of  numerical  integra¬ 
tion  to  be  described. 

In  the  numerical  integration  of  an  equation  of  motion  of  one  degree 
of  freedom,  known  values  of  the  coordinate  and  its  time  derivatives  are 
employed  to  predict  future  values  of  the  coordinate  and  its  first  time  de¬ 
rivative  or  velocity.  Substitution  of  the  predicted  values  into  the  differen¬ 
tial  equation  reduces  it  to  an  algebraic  equation  soluble  for  a  first  approxi¬ 
mation  to  the  acceleration.  This  value  may  be  substituted  into  a  correc¬ 
tion  formula  to  obtain  improved  values  of  the  coordinate  and  velocity, 
these,  in  turn,  yielding  a  more  accurate  value  of  acceleration,  etc.  Any  of 
the  standard  prediction  and  correction  formulas,  such  as  the  trapezoidal 
rule  or  Simpson’s  rule,  may  be  employed  and  are  discussed  fully  in  Milne 
(1949)  and  Scarborough  (193  0). 

The  numerical  solution  of  the  equations  of  motion  of  a  system  of 
many  degrees  of  freedom  may  proceed  in  a  similar  manner.  Standard  pre¬ 
diction  methods  may  be  applied  to  each  of  the  coordinates  separately,  us¬ 
ing  known  values  of  the  coordinate  and  its  time  derivatives  to  predict  fu¬ 
ture  values  of  the  coordinate  and  velocity  as  in  the  one-degree-of-free- 
dom  case.  Substitution  of  the  predicted  values  into  Equation  (18)  yields  a 
predicted  value  for  T.  Substitution  of  T,  together  with  the  coordinates 
and  velocities,  into  the  differential  equations  of  motion— Equations  (13) 
through  ( 1 7 ) —reduces  them  to  a  system  of  simultaneous  algebraic  equa¬ 
tions,  linear  in  the  accelerations.  Such  a  system -^of  simultaneous  linear  alge¬ 
braic  equations  may  be  solved  by  matrix  inversion,  readily  performed  on  a 
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high-speed  digital  computer.  As  before,  the  first  approximations  to  the 
accelerations  may  be  used  to  improve  the  predicted  values  of  the  coordinates 
and  velocities,  etc. 

Integration  normally  begins  by  use  of  the  known  initial  velocities 
and  coordinates  to  compute  the  initial  accelerations.  It  will  be  noted, 
however,  that  Equation  (12)  becomes  indeterminate  when  all  velocity 
components  are  zero  as  they  well  may  be  initially.  Application  of  L’Hopi- 
tabs  rule  permits  this  equation  to  be  rewritten  when  all  velocity  compon¬ 
ents  are  zero,  as: 

(18)  tan  T  =  y  q(^cos^  jsmB s\n<f>) 

%-  a(@sin^-fsin  ^cos^) 

Now,  however,  the  method  of  solution  must  be  varied.  Equations  (13) 
through  (17)  must  be  solved  for  the  accelerations  as  linear  function  of  sin 
T  and  cosT.  Substitution  into  Equation  (18)  then  yields  a  transcendental 
equation  in  T,  which  must  be  solved  by  trial.  Substitution  of  T  into  the 
equations  of  motion  again  reduces  them  to  linear  algebraic  equations  in  the 
accelerations,  soluble  as  before  by  matrix  inversion. 

GENERAL  RIGID  BODY  MOTION 

The  most  general  rigid  body  motion  differs  only  in  detail  from  that 
of  the  sphere  considered.  At  worst,  six  equations  of  motion  must  be  con¬ 
sidered,  together  with  one  nonintegrable  equation  of  constraint  for  each 
sliding  friction  force.  In  the  equations  of  motion,  the  accelerations  always 
appear  to  the  first  power  only,  permitting  use  of  matrix  inversion  in  the 
numerical  integration.  Determination  of  the  friction  angles  never  requires 
more  than  the  evaluation  of  ratios  of  polynomials  in  the  velocities  so  long 
as  these  polynomials  do  not  vanish.  The  most  complex  step  of  integra¬ 
tion,  occurring  when  all  friction  angles  are  indeterminate,  requires  the 
trial  solution  of  a  system  of  transcendental  equations  equal  in  number  to 
the  number  of  friction  forces.  This  number  will  seldom  exceed  two  since 
it  is  difficult  to  conceive  of  a  motion  of  any  generality  involving  more 
than  two  sliding  friction  forces. 

Even  a  conservative  rigid  body  motion  may  require  six  differential 
equations  of  motion.  If  the  motion  is  at  all  general,  these  equations  must 
be  solved  numerically  rather  than  analytically.  Since  the  equations  of  mo¬ 
tion  may  be  expressed  with  no  variables  other  than  the  coordinates  and 
their  time  derivatives,  the  numerical  integration  process  requires  only  pre¬ 
diction,  matrix  inversion,  and  correction.  The  presence  of  sliding  friction 
constraints  has  a  trivial  effect  upon  the  time  required  for  solution  since 
the  additional  step  of  evaluating  one  or  two  ratios  of  polynomials  is  negli¬ 
gible  in  comparison  with  the  inversion  of  a  matrix  of  fifth  or  sixth  order. 
Indeterminacy  of  one  or  more  friction  angles  complicates  only  one  step  of 
the  integration  and  has  a  negligible  effect  upon  the  time  required  for  solu¬ 
tion  of  a  problem  involving  hundreds  of  steps  of  integration. 

SUMMARY 

The  differential  equations  of  motion  of  a  rigid  body  are,  in  general, 
nonlinear.  In  these  equations,  the  second  time  derivatives  of  the  •  coordi¬ 
nates  appear  to  the  first  power  only.  This  characteristic  permits  numeri- 
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cal  integration  employing  standard  techniques  for  prediction  and  correc¬ 
tion  of  coordinates  and  velocities,  and  matrix  inversion  for  the  determi¬ 
nation  of  accelerations.  Nonintegrable  equations  of  constraint  due  to  slid¬ 
ing  friction  require  little  modification  of  the  numerical  methods,  involv¬ 
ing  at  worst  the  trial  solution  of  one  or  two  transcendental  equations. 
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OPERATIONAL  ANALYSIS  OF  NONLINEAR  SYSTEMS 


ROBERT  B,  GRANT 
Department  of  Engineering  Mechanics 
Southwest  Research  Institute 
San  Antonio,  Texas 

INTRODUCTION 

Although  interest  in  the  field  of  nonlinear  mechanics  has  been  greatly 
intensified  in  recent  years,  the  problems  arising  in  this  branch  of  mathe¬ 
matical  physics  are  by  no  means  new  ones.  Many  mathematicians  of  the 
nineteenth  century  studied  nonlinear  problems,  but  their  attempts  to  find 
solutions  met  with  only  limited  success. 

The  development  of  the  theory  of  linear  differential  equations  in  the 
latter  half  of  the  last  century  caused  intensive  interest  in  the  nonlinear 
equation  to  diminish.  The  tendency  to  "linearize”  the  problems  of  physics 
and  engineering  became  the  order  of  the  day.  Thus  developed  such  methods 
as  that  of  small  oscillations  in  the  domain  of  vibration  analysis.  These  linear¬ 
ized  techniques  have  yielded  an  immense  amount  of  information  of  incal¬ 
culable  value  in  all  branches  of  science.  Further,  they  have  brought  out 
similarities  among  apparently  unrelated  physical  phenomena  which  are 
governed  by  the  same  type  of  linearized  differential  equation. 

While  linear  analysis  has  been  very  valuable,  it  does  frequently  yield 
incorrect  results  for  motion  in  the  large  and,  far  worse,  can  obscure  or 
completely  hide  important  results.  In  the  field  of  synthesis,  the  last  decade 
has  seen  the  greatest  need  demonstrated  for  useful  nonlinear  techniques 
in  order  to  develop  design  criteria  for  the  incorporation  of  nonlinear  com¬ 
ponents  into  practical  systems  for  guidance,  follow-up,  and  control. 

A  fairly  complete  picture  of  the  history  and  present  state  of  the  art 
of  nonlinear  mechanics  has  been  given  by  Minorsky  (1947)  and  Stoker 
(1950).  The  present  work  represents  an  approach  to  certain  nonlinear 
oscillation  problems  from  an  operational  point  of  view. 

The  Laplace  transformation  provides  a  method  of  analysis  that  is 
peculiarly  suited  to  linear  systems.  It  reduces  the  solution  of  many  linear 
differential  equations  to  that  of  a  problem  in  algebra.  In  addition,  the  trans¬ 
formation  permits  us  to  handle  such  useful  functions  as  steps  and  impulses 
with  comparative  ease;  however  any  direct  attempt  to  extend  the  Laplace 
transformation  to  nonlinear  differential  equations  meets  with  an  immedi¬ 
ate  difficulty.  In  fact,  many  linear  differential  equations  with  variable  co¬ 
efficients  are  not  well  suited  to  transformation  methods.  Quite  obviously 
there  are  no  advantages  to  a  transformation  procedure  if  it  yields  an  equa¬ 
tion  at  least  as  difficult  to  analyze  as  the  original  one.  It  is  this  fact,  then, 
that  precludes  the  utility  of  direct  extension  since  a  transformation  of  a 
nonlinear  equation  yields,  in  general,  an  integral  equation  whose  analysis 
is  no  simpler  than  that  of  the  prototype.  The  present  study  will  demon¬ 
strate  techniques  for  extending  the  use  of  the  Laplace  transform  to  oscilla¬ 
tory  problems  with  nonlinear  damping. 
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The  general  problem  to  be  considered  is  represented  by  the  equation, 
Cll  X  +«|x  +  g(x,x)  s 

Equation  (1)  represents  a  single  degree  of  freedom  system  wherein  unit 
mass  has  been  assumed  for  convenience.  The  elastic  mounting  is  assumed 
to  follow  Hookers  law  (except  where  noted)  and  is  characterized  by  spring 
stiffness  co\.  The  system  incorporates  a  dissipative  mechanism  represented 
by  gj  a  general  function  of  displacement  x  and  velocity  x.  The  forcing 
function  is  taken  to  be  harmonic  and  appears  in  complex  form  ( |  =  . 

In  the  following,  g  will  be  restricted  to  a  representation  of  either  coulomb 
or  hysteresis  damping. 

ANALYSIS 

Free  Vibrations  with  Coulomb  Damping. 


For  coulomb  damping  g(x,  xj  has  the  form 
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and  can  be  written  as 


(2)  g  ix^k)  -  D  sgn  x 

For  free  vibrations,  Equation  ( 1 )  then  becomes 


(3)  X  +  Wn  X  +  D  sgn  x  =  0 

In  order  to  proceed  further,  we  utilize  the  concept  of  a  predictive  func¬ 
tion.  Such  a  function  is  used  to  place  certain  qualitative  restrictions  on  the 
solution  in  order  that  the  transformation  of  specific  terms  contributing  to 
the  nonlinearity  of  the  problem  may  be  reduced  to  a  facile  program.  The 
qualitative  restrictions  placed  on  the  solution  may  be  those  we  might  sus¬ 
pect  to  be  realizable  from  our  physical  knowledge  of  the  situation,  or  we 
may  simply  take  the  point  of  view  that  we  wish  to  investigate  the  possi¬ 
bility  of  the  existence  of  a  particular  solution. 

On  this  basis,  we  seek  a  solution  to  Eq.  ( 3 )  which  changes  algebraic 
sign  in  equal  intervals  of  time  in  such  a  manner  that 

(4)  D  sgn  x  --D M (t) 

where  M(t)  is  the  meander  or  square  wave  function  of  undetermined 
period  2a.  Eq.  (3)  can  then  be  written 

(5)  X  +  -  DM  (t)  (AoiJ  >D) 

where  A  is  the  initial  displacement.  The  inequality  must  be  satisfied  for 
motion  to  be  possible.  Eq.  (4)  implies  the  initial  conditions, 


(6)  X  (0)  =  A  k  10)  ^  0 

With  these  restrictions  on  the  solution,  Eq.  ( 5 )  can  be  transformed  to  yield 


(7]  X  (s)  = 

where 

(8) 


As 


D  os 

-f-  —  tanh  “2 


(tJ-.) 


X  (s) 


X  it)  e-*’dt 


The  inverse  of  the  first  term  on  the  right  in  Eq.  (7)  may  be  immediately 
written  down.  The  second  term  may  be  evaluated  using  the  convolution 
theorem: 


(9) 


7  /  M  (t)  sin«n  Ct-T)dT 


(IQ)  =  ^(j  - COS  {0<t<a) 

The  solution  is  then, 

(ll)x(t)  =  ~  +  (A“^)  cos  (0<  t<a) 

n  “'n 

Previous  restrictions  on  the  solution  then  imply  t  =  tt/oj,,.  Solutions  for 
other  time  intervals  may  easily  be  written  down,  e.g.. 


Thus  we  may  conclude  that  the  motion  is  damped  harmonic  with  linear 
envelope  with  periodic  decrement. 


2ir 


(13) 


The  frequency  of  the  motion  is  identical  with  the  natural  frequency  of 
the  associated  linear  system. 
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Forced  Vibrations  with  Coulomb  Damping. 

We  may  again  take 

(14)  g  (x,  X  )  =  -  D  M  ( t ) 

with  initial  conditions  as  before.  Providing  for  the  possibility  of  phase  shift 
by  including  a  phase  angle  in  the  forcing  function,  we  write  Eq.  ( 1 )  as 

(15)  i‘+  X  -  DM  (t)  =  FcosCwt+^) 

Seeking  now  only  the  steady  state  response  at  the  frequency  of  the  forcing 
function,  we  may  transform  Eq.  (15)  ignoring  the  initial  conditions  to 

obtain 


F 

s  COS  ^  -  a  sin  ^ 

Z  2 

s  +  W 

+  — -  tanh  l-Y - 2  ) 

s  2w  \  s  -t-  / 

To  evaluate  the  response,  the  inverse  transform  is  now  computed  using 
residue  theory,  calculating  the  residues  of  x(s)e®^  at  the  poles,  dzjnw  where 
n  is  a  positive  odd  integer.  The  last  term  in  Eq.  (16)  is  the  only  one  need¬ 
ing  manipulation.  The  appropriate  residue  R  at  the  pole  jnw  corresponding 
to  this  term  is  found  as  follows: 


(17) 


lim  ^  e*’  =  ^ 

.2  ^,..2  .Z  “  “ 

1+  e 


mtr 


The  time  solution  becomes, 

(18)  X  (t) 


Fees*  sin 


-  2  COS  wt  “  2  2 


Using  the  initial  conditions,  we  obtain 

(19)  sin  *  T" 

1,3,5- 


1,3.5- 


In  the  region  of  resonance  where  the  effects  of  damping  assume  major 
importance, 

(20)  i  ^  ^ 

^  ttF 

and 


t2l) 


A  ^ 


F  cos  4> 


This  solution  is  valid  for  and  indicates  theoretically  infinite 

amplitude  at  resonance.  The  resonant  frequency  is  not  shifted,  and  the  mo¬ 
tion  for  large  amplitudes  is  practically  harmonic.  For  large  values  of  •p 
highly  distorted  motions  (e.g.,  motion  with  stops)  take  place  for  which 
the  solution  Eq.,  ( 19) ,  is  invalid. 

It  is  not  our  purpose  here  to  discuss  the  solutions  at  length,  but  with 
regard  to  this  problem,  it  should  be  pointed  out  that  other  periodic  solu¬ 
tions,  the  subharmonics,  can  be  obtained  by  a  modification  of  our  present 
method.  These  solutions,  however,  are  apparently  of  little  interest  from 
the  physical  point  of  view. 
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Forced  Vibrations  with  Hysteresis  Damping. 

Hysteresis  is  a  deviation  from  Hooke’s  law  and  is  present  in  most 
materials  undergoing  alternating  stress.  This  deviation  has  a  damping  ef¬ 
fect  on  the  motion.  The  usual  hysteresis  loop  has  an  eloganted  pattern 
similar  to  a  very  narrow  ellipse.  For  the  purposes  of  this  analysis,  we  shall 
assume  the  dissipative  function  to  have  the  specific  shape: 


where  A  is  the  amplitude  of  motion  and  e  is  a  positive  constant.  We  take 
the  initial  conditions  as  before,  and  we  seek  a  steady  state  solution  at  the 
exciting  frequency.  The  differential  equation  of  motion  is: 

(22)  X  +  &»n  X  4-  g  (  X,  X  )  -  F  cos  (  w  t  +  ^ ) 

Transforming  as  in  the  previous  case,  we  have 

(23)  X  (s )  =  — I  ^  |^Fcos(wt4  ^)J  ”  ^ 

We  again  seek  a  solution  which  changes  algebraic  sign  in  equal  intervals 
of  time.  The  last  term  in  Eq.  (23)  can  then  be  treated  as  follows.  In  terms 
of  the  time  domain, 


where  u(t)  is  the  unit  step  function.  Calculating  tne  transform  or  g  in 
parts. 
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To  evaluate  the  integrals  in  Eq.  (26)  we  now  Impose  the  periodicity  con¬ 
dition  on  the  solution^  ix.,  we  assume  the  solution  to  be  an  even  function 
represented  by 


(27)  Mt)  =  ^0,  e'""' 


(  n  odd  only  I 


Using  Eq.  (27),  we  obtain: 

128)  ^  I 


1  „  <an 

j 

1  jn«-  s 

-hi  . 

f  -  1 

I.  5,  9  =  -  ) 
-3x7xtl--  j 


jri«~  s 

We  are  now  in  position  to  evaluate  the  inverse  transform  of  Eq.  (23). 
Evaluating  the  appropriate  residues  corresponding  to  Eq.  (23)  at  the  poles 
±im®  (m  a  positive  odd  integer),  using  previous  results,  and  identifying 
coefficients,  the  time  function  becomes: 


i  ^ 

-  j 

„  =  3.  7,  ll  - 

129)  Ut)  = 


Fcos  4 


cos  «t 


F  sin  ^ 


sin  wt  4“ 


4«A  sin  n«t 


i  2 


n 


iXX- 


zX.^<n  + 


sin  nwf 
X  ,.2 


I,  5,9- 


Zl,"'"- 


sin  nwt 


\7.n- 


Utilizing  the  initial  conditions  and  considering  the  resonant  region 
again, 

130)  sin  ^  ^ 

and 

C3I)  A  = 

This  solution  indicates  finite  amplitudes  at  resonance  and  a  corresponding 
shift  in  the  resonant  frequency.  With  regard  to  these  properties,  this  solu¬ 
tion  is  very  similar  to  that  for  the  linear  case  of  viscous  friction.  The  solu¬ 
tions  given  are  valid  as  long  as  the  motion  can  be  approximately  repre¬ 
sented  by  an  even  function.  Other  solutions  are  possible  to  obtain  by  ap¬ 
propriately  modifying  the  predictive  functions  to  be  used. 
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FISH  POISONING  ON  THE  RIO  HUALLAGA,  PERU 

EDWIN  DORAN,  JR. 

The  University  of  Texas 

In  order  to  obtain  large  quantities  of  food  with  little  effort  primitive 
groups  in  many  parts  of  the  world  often  use  poison  to  secure  fish.  This 
procedure  always  requires  some  toxic  plant  which  is  macerated  and  put  into 
a  pool  or  slow-flowing  stream;  the  poison  stuns  or  kills  the  fish  and  makes 
them  easy  to  collect.  Because  the  poisons  have  no  effect  on  man,  the  fish 
are  edible  and  under  proper  conditions  may  be  secured  in  great  numbers 
with  relatively  little  effort  by  the  fisherman. 

This  distinctive  culture  trait  has  practically  a  world  wide  distribu¬ 
tion.  From  Europe  to  Southeast  Asia,  in  Australia,  in  Africa,  and  in  much 
of  the  Western  Hemisphere  it  provides  primitive  people  with  an  efficient 
means  of  getting  food.  Because  of  this  broad  distribution  and  because  the 
trait  is  found  among  tribes  of  the  most  simple  and  archaic  type  Sauer  (1948, 
p.  74)  suggests  that  fish  poisoning  may  be  very  old  in  man’s  cultural  de¬ 
velopment.  Possibly  crushing  and  retting  of  fibers  by  early  man  for  cord¬ 
age  and  nets  incidentally  stunned  fish  which  after  experimentation  were 
found  to  be  good  to  eat.  From  this  perhaps  derives  an  interest  in  poisonous 
plants  and  possibly  the  discovery  that  a  considerable  number  of  the  latter, 
ordinarily  quite  inedible,  may  be  fine  food  sources  if  treated  properly.  Some 
of  the  wild  taros  of  the  Old  World  and  bitter  manioc,  so  basically  signifi¬ 
cant  as  a  food  in  the  New  World,  are  examples  of  the  many  poisonous  plants 
which  can  be  used  for  sustenance.  Following  this  line  of  reasoning,  Sauer 
hypothecates  a  "'progressive  fishing  people”  of  the  Mesolithic  with  a  culture 
complex  involving  fiber  making,  a  considerable  use  of  poisons  for  fishing 
and  hunting,  and  the  use  of  starchy  plants,  many  of  them  poisonous  in  their 
natural  state.  These  fishermen,  probably  in  the  favorable  environment  pro¬ 
vided  by  Southeast  Asia,  may  well  have  "initiated  the  basic  steps  in  plant 
and  animal  domestication.”  Fish  poisoning  thus  may  well  represent  an  an¬ 
cient  and  important  step  in  man’s  cultural  development. 

In  the  Western  Hemisphere  fish  poisoning  is  found  among  practically 
all  tribes  of  the  northern  two-thirds  of  South  America,  and  in  pre-Colum¬ 
bian  times  extended  through  the  Antilles  into  North  America  east  of  the 
Mississippi  and  south  of  the  St.  Lawrence  (Heizer,  1949,  p.  277).  It  also 
reached  through  Central  America,  up  the  west  coast  of  Mexico,  and,  after 
a  gap,  through  California  north  to  the  Columbia  River.  More  than  100 
different  plants  were  utilized  for  poison,  the  most  important  in  South 
America  being  the  genera  Lonchocarpus,  Tephrosia,  and  Phyllanihus.  Its 
range  and  the  fact  that  a  number  of  the  plants  used  cannot  exist  without 
propagation  by  man  indicate  that  fish  poisoning  is  probably  also  a  very  old 
trait  in  this  part  of  the  world. 

In  Peru  the  Rio  Huallaga  has  its  source  on  the  high  Andean  plateau, 
quickly  drops  down  through  gorges  and  intermontane  valleys,  and  eventually 
debouches  into  the  Rio  Marafion  on  the  flat  Amazon  plain.  In  its  middle 
course,  below  the  cataracts  but  before  it  crosses  the  last  small  outlying 
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range,  it  flows  with  a  fairly  gentle  gradient.  The  valley,  10  or  12  miles 
in  width,  is  less  than  1000  feet  in  elevation  and  supports  a  luxuriant  trop¬ 
ical  rainforest  vegetation.  The  inhabitants  live  in  small  villages  or  towns, 
raise  sweet  manioc,  plantains,  and  other  crops,  speak  Spanish,  and  seem  to 
be  comparable  with  mestizo  populations  of  other  parts  of  Latin  America. 
But  this  veneer  of  acculturation  is  deceptive;  these  people  are  largely  Indian 
in  blood,  were  recognizable  as  tribal  groups  only  a  century  ago,  and  retain 
a  number  of  primitive  culture  traits. 

The  group  with  which  we  are  immediately  concerned,  the  occupants 
of  the  village  of  Porto  Rico  at  the  point  where  the  Rio  Sisa  flows  into  the 
Huallaga,  are  probably  descendants  of  the  Cascasoa  tribe,  one  of  the  many 
small  tribes  of  selva  Indians  who  originally  occupied  this  portion  of  the 
Huallaga  Valley  (Steward  and  Metraux,  1948,  pp.  598,  601).  In  the  late 
18  th  century  these  people  are  said  to  have  depended  for  their  existence  on 
farming  and  fishing;  they  still  do  so,  and  they  still  poison  fish  much  as 
they  did  formerly.  The  following  description  of  their  technique  of  fish 
poisoning  is  a  record  of  the  continuance  of  this  very  old  trait  to  the  pres¬ 
ent  (i.e.,  1948) . 

Porto  Rico  is  located  on  the  outside  of  a  large  bend  of  the  Rio 
Huallaga;  extending  across  the  point  on  the  opposite  side  is  a  chute  cut- 
oflf,  a  shallow,  ephemeral  branch  of  the  river  with  considerably  less  cur¬ 
rent  than  the  main  stream  (Fig.  1).  The  shallow,  two-  to  four-foot  depth 
and  slow  current  make  this  channel  a  favorable  place  to  poison  fish  because 
the  limited  volume  of  water  insures  a  sufficiently  toxic  concentration  of  the 
poison  (Fig.  2).  To  prevent  escape  of  the  fish  downstream  as  they  sense 
the  poison  in  the  water  a  barrier  or  naza  is  constructed  across  the  lower  end 
of  the  channel  (Fig.  3).  Ten  men  labored  for  three  days  to  fashion  this 
barrier;  as  reward  they  become  entitled  to  all  fish  which  leap  upon  it  in 
their  attempts  to  escape.  The  framing  is  of  local  hardwoods,  and  the  pal¬ 
ing's  of  the  wing  wall  and  gently  inclined  bed  or  cama  are  cut  from  abund¬ 
ant  growths  of  the  giant  grass  Gynerium  or  caiia  brava  (Fig.  4).  The  gently 
sloping  bed  provides  a  place  to  catch  the  fish,  while  the  brushy  back  or 
rabo  prevents  them  from  leaping  completely  over  the  barrier. 

At  the  upper  end  of  the  channel  the  villagers  gradually  assemble  and 
wait  for  the  poison  to  be  put  into  the  water  (Fig.  5).  Some  300  persons 
usually  take  part  in  the  activities,  which  are  almost  as  important  as  a  social 
gathering  as  for  the  economic  aspects.  Although  the  men  who  build  the 
barrier  have  the  most  favorable  fishing  location,  anyone  else  who  can  catch 
a  fish  before  it  swims  or  drifts  down  to  the  fence  is  entitled  to  it.  If  ex¬ 
cessive  quantities  are  caught  none  is  allowed  to  waste;  the  fish  are  split, 
salted,  sun-dried,  and  stored  away  for  future  use. 

All  inhabitants  of  the  village  old  enough  to  walk  share  in  the  festivi¬ 
ties,  and  children  are  an  economic  asset  rather  than  a  liability  as  in  our  so¬ 
ciety  (Fig.  6).  A  quick  child,  equipped  with  a  net  or  a  multi-pronged 
spear  made  by  filing  down  long  nails  and  attaching  them  to  a  six  or  eight 
foot  pole,  may  catch  almost  as  many  fish  as  an  adult.  Nets  and  spears  es¬ 
sentially  the  same  as  those  illustrated  were  used  by  the  Indians  before  they 
had  any  contacts  with  Europeans  (F’ig.  7) . 

The  poison  used  in  the  Huallaga  Valley  generally  and  on  this  particu¬ 
lar  occasion  is  derived  from  the  plant  Lonchocarpus  utilis.  Although  this 
shrub  was  domesticated  and  used  by  the  Indians  long  before  the  Spaniards 
appeared,  there  is  at  present  a  considerable  oversupply  under  cultivation. 
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FIG.  1 
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FIG.  3.  Barrier  to  Prevent  Escape  of  Fish. 
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FIG.  4.  Detail  of  Barrier. 


FIG.  5.  Waiting  for  the  Fish  Poison. 


1953,  No.  2  Fish  Poisoning  in  Peru  209 

June 


FIG,  6.  Children  Prepared  for  the  Catch. 


FIG.  7.  Net  and  Fish  Spear. 
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FIG.  8.  Boats  Used  in  Releasing  Poison, 


FIG.  9.  Fish  Poison  in  Dugout  Boat. 
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fig.  11.  Releasing  Poison. 
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FIG.  12.  Poison  Drifting?  Downstream. 


FIG.  13.  Villagers  Rushing  to  Collect  Fish/ 
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FIG.  14.  Catching  Fish. 


FIG.  15.  Boy  Ready  to  Spear  Fish, 
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FIG.  16.  Men  Clubbing  Fish  on  Barrier. 


As  a  fine  source  of  rotenone,  one  of  the  insecticides  greatly  in  demand  dur¬ 
ing  the  war,  Lonchocarpus  was  an  excellent  cash  crop  in  the  area.  It  was 
gathered,  packed  into  bundles,  and  sent  down  the  river  on  balsa  rafts  to 
Iquitos;  from  there  steamers  transported  it  to  the  United  States  or  Europe. 
Recently  the  market  has  failed,  and  most  of  the  large  amount  under  culti¬ 
vation  has  become  unsalable.  Although  other  plants  are  also  known  by  the 
same  name,  Lonchocarpus  is  locally  called  barbasco,  and  the  fish  poisoning 
activities  designated  as  a  barbascado. 

As  the  time  to  put  the  poison  in  the  water  approaches,  groups  gather 
in  the  shallow  water  at  the  upstream  end  of  the  channel  around  the  canoes 
in  which  the  barbasco  has  been  placed  (Fig.  8),  On  this  occasion  more  than 
5  00  pounds  of  barbasco  roots  and  stems  had  been  cut  into  short  lengths 
and  macerated  by  pounding  with  heavy  wooden  clubs.  Into  each  of  several 
large  canoes,  dugouts  which  may  be  as  much  as  forty  feet  long  occasion¬ 
ally,  a  heap  of  crushed  barbasco  is  placed  (Fig.  9).  After  a  quantity  of 
water  is  splashed  in  with  hands  or  paddles  the  pulp  is  agitated  through  the 
water  to  produce  a  milky  white  solution  of  the  poison  (Fig.  10).  With 
six  or  more  canoes,  each  half  full  of  prepared  poison  solution,  lined  up 
across  the  upper  end  of  the  channel  the  stage  is  set  for  the  barbascado. 

At  a  signal  each  canoe  is  turned  over  by  men  at  opposite  ends  (Fig, 
11),  and  the  poison  begins  to  spread  out  downstream  in  a  milky  cloud 
(Fig.  12).  After  a  few  hundred  feet  the  cloud  dissipates  and  can  no  longer 
be  seen,  but  the  poison  is  still  quite  effective,  since  only  a  minute  trace 
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in  the  water  is  sufficient  to  stun  the  fish.  The  crowd  of  villagers  begins 
to  edge  into  the  water,  and  in  a  few  minutes  the  first  signs  of  effect  of 
the  poison  begin  to  appear.  A  few  small  fish  come  to  the  surface  and  swim 
around  dazedly;  soon  larger  and  larger  fish  become  affected,  come  to  the 
surface  for  an  instant,  then  swim  down  out  of  sight  again.  After  a  few 
short  minutes  the  scene  becomes  frenzied,  as  all  the  villagers  rush  into  the 
water  and  begin  to  collect  fish  (Fig.  13).  Tiny  children  wade  knee  deep 
collecting  minnows,  larger  boys  and  girls  go  out  farther  from  the  bank, 
and  adults  wade  around  waist  or  even  neck  deep.  Everyone  catches  fish  as 
rapidly  as  possible  with  any  means  at  hand  (Fig.  14).  Nets,  spears,  dresses, 
sacks,  fingers— all  are  used  to  catch  and  hold  fish  in  the  midst  of  a  babel 
of  shouting  and  laughter,  an  uproar  of  splashing,  thrusting,  wading,  and 
dipping. 

As  the  effects  of  the  barbasco  are  carried  farther  downstream  by  the 
current,  the  people  gradually  work  also  in  that  direction,  continuing  to 
catch  fish  as  they  move.  Below,  in  the  vicinity  of  the  barrier,  signs  of  the 
poison  become  noticeable  in  perhaps  30  or  40  minutes;  fish  are  disturbed 
and  begin  to  move  around  erratically.  Although  most  of  the  villagers  re¬ 
main  upstream  at  the  point  of  maximum  effect,  a  few  move  down  to  the 
naza  for  the  larger  fish  which  notice  the  poison  and  swim  down  tO'  get 
away  from  it.  Adults  and  children  often  wait  patiently  for  minutes  at 
a  time,  spears  poised  in  readiness,  then  make  sudden  thrusts  at  the  big 
ones  (Fig.  15).  Gradually  more  and  more  people  arrive  at  the  barrier 
amidst  the  same  scene  of  excitement  already  described.  In  their  efforts  to 
escape,  fish  leap  from  the  water,  strike  the  back- of  the  naza^  and  fall  to  its 
bed  where  they  are  clubbed  quickly  by  children  of  the  builders  (Fig.  16). 
Rapidly  throwing  them  ashore  to  be  put  in  sacks  or  baskets,  the  children 
and  a  few  adults,  on  this  occasion,  were  in  a  flurry  of  activity  and  excite¬ 
ment  for  perhaps  half  an  hour.  The  catch  was  disappointingly  small,  how¬ 
ever,  due  either  to  use  of  too  small  a  quantity  of  barbasco  or  tO'  the  rela¬ 
tively  few  fish  in  the  channel.  On  other  bar  base  ados  the  mass  of  fish  jumping 
on  the  barrier  is  at  times  so  great  that  the  latter  occasionally  collapses,  al¬ 
lowing  most  of  them  to  escape.  Although  an  economic  disappointment,  the 
barbascado  was  a  complete  success  socially  and  provided  an  interesting  ex¬ 
ample  of  an  ancient  culture  trait  which  persists  to  the  present  day. 

LITERATURE  CITED 

Keizer,  Robert  F.-—1 949— Fish  poisons.  Bmt.  Am.  Ethn.,  Bull.  143,  Handbook  of 
South  American  Indians  5:277-281. 

Sauer,  Carl  O.— 1948- — Environment  and  culture  during  the  last  deglaciation.  Proc. 
Am.  Philosoph.  Soc.  92:65-77. 

Steward,  Julian  H.,  and  Alfred  Metraux— 1948— Tribes  of  the  Peruvian  and 
Ecuadorian  montaha.  Bur.  Am.  Eth.  Bull.  143,  Handbook  of  South  American 
Indians  3:  535-656. 


THE  FISHES  OF  THE  UPPER  GUADALUPE  RIVER,  TEXAS 


CLARK  HUBBS 
The  Univeisity  of  Texas 
ROBERT  A.  KUEHNE,  AND  JACK  C.  BALL 
Texas  Game  and  Fish  Commission 


During  the  past  four  decades  the  knowledge  of  the  freshwater  fish 
fauna  of  eastern  North  America  has  been  enriched  by  the  publication  of 
numerous  regional  studies.  Unfortunately,  none  of  these  has  covered  the 
rich  and  diverse  fauna  of  Texas  streams.  This  paper  is  the  first  of  a  pro- 
posed  series  of  reports  covering  stream  systems  of  this  state  (Prof.  Frank 
T.  Knapp  of  Texas  A.  &  M.  College  has  initiated  a  number  of  reconnais¬ 
sance  surveys  of  Texas  stream  systems.) . 

Careful  examination  of  the  literature  reveals  few  published  collection 
records  from  the  survey  area—the  Guadalupe  River  and  its  tributaries 
west  of  the  Cotton  Mill  Dam  at  New  Braunfels,  Comal  County,  Texas. 
Most  of  the  collections  were  made  prior  to  1900.  As  these  few  records  are 
discussed  many  times  in  subsequent  publications,  reference  will  be  made  only 
to  the  original  publication.  With  the  exception  of  two  geographically  in¬ 
definite  records  by  Cope  (1880),  seven  from  Kerr  County  by  Hubbs  and 
Bailey  (1942),  and  four  from  Kerr  County  by  Hubbs  and  Black  (1947), 
all  upper  Guadalupe  fish  records  mentioned  in  previous  publications  are 
from  collections  made  within  the  city  limits  of  New  Braunfels.  Two  of 
the  three  reported  station  localities  in  New  Braunfels  are  on  the  Comal 
River:  fifteen  records  by  Jordan  and  Gilbert  (1886)  and  nine  records  by 
Evermann  (  1893  )  and  Evermann  and  Kendall  (1894).  The  third  published 
New  Braunfels  collection — seven  records  by  Evermann  and  Evermann  and 
Kendall — is  from  the  Guadalupe  River  about  400  yards  upstream  from  the 
Cotton  Mill  Dam,  the  downstream  limit  for  this  report.  In  addition  Girard 
(18  5  8)  reported  a  single  record  from  New  Braunfels. 

Most  of  the  collections  upon  which  this  paper  is  based  were  made  dur¬ 
ing  the  summer  and  fall  of  1951.  They  include:  twelve  gill  net  and  63 
seining  stations  in  Kerr  County,  six  gill  net  and  13  seining  stations  in 
Kendall  County,  twelve  seining  stations  and  nine  rotenone  stations  in  Comal 
County  (Fig.  1).  During  the  summer  of  1939  Dr.  Kelshaw  Bonham  led  a 
survey  of  the  Kerr  County  part  of  the  Guadalupe  River  system.  The  only 
published  reports  on  these  3  0  collections  are  those  by  Hubbs  and  Bailey, 
who  listed  six  Micropferns  punctiilatns  trecnll  records,  and  Hubbs  and 
Black’s  four  records  of  Pimephales  vigilax  vlgilax.  Unfortunately  the  bulk 
of  these  collections,  deposited  at  Texas  A.  &  M.  College,  is  no  longer  ex¬ 
tant.  In  193  8  Carl  L.  Hubbs  and  party  made  two  collections  at  Hunt,  Kerr 
County;  except  for  Micropferns  pnncfulatus  trecnll  published  reference  to 
these  collections  is  made  here  for  the  first  time,  A  Guadalupe  River  recon¬ 
naissance  survey  by  Knapp  (personal  communication,  1950)  include  four 
stations  definitely  within  our  survey  area  and  one  from  New  Braunfels, 
which  is  believed  to  have  been  taken  downstream  from  the  Cotton  Mill 
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Dam.  Three  of  the  four  stations  listed  by  Knapp  are  identical  to  ones  re¬ 
ported  in  this  paper  and  the  collections  will  be  discussed  only  when  his 
data  supplement  findings  of  this  survey. 

Thanks  are  due  to  the  many  individuals  who  assisted  in  the  gatherings 
of  the  data  upon  which  this  report  is  based.  These  persons  are:  Mr.  Marion 
Toole,  who  arranged  for  the  Guadalupe  River  survey  by  the  Game  and 
Fish  Commission  and  gave  permission  for  the  collections  made  by  the  senior 
author;  Mr.  John  H.  Baker  and  Dr.  Charles  LaMotte,  who  permitted  the 
senior  author  to  spend  the  summer  of  1951  in  Kerrville  and  to-  utilize  the 

facilities  and  students  of  the  Audubon  Camp  of  Texas  for  seining  fishes; 

Mr,  Lawrence  S,  Campbell,  who  assisted  Kuehne  on  the  collections  made 
during  the  early  part  of  the  summer;  Dr.  Reeve  M.  Bailey,  who  kindly 
provided  the  collection  records  for  the  station  at  Hunt  made  by  Carl  L. 

Hubbs  and  party;  Dr.  William  K.  Clark,  Mr.  William  W.  Milstead,  and 

Mr,  William  J.  Fullv/ood  for  providing  collections  in  Kerr  County;  Mrs. 
Catherine  S.  Hubbs,  Mr.  Frank  M.  Gilstrap,  Mr,  Charles  W.  Williams,  Mr. 
Carl  D.  Stephens,  Mr.  Walter  Broemer,  Mr.  David  Miller,  Mr.  J.  Cheetum, 
Mr.  Wayne  Boyle,  and  many  members  of  the  Audubon  camp,  who  assisted 
the  senior  author  on  his  seining  stations;  and  Mr.  William  H.  Brown  and 
the  late  Henry  Hahn  of  the  Game  and  Fish  Commission,  who  assisted  the 
survey  in  many  ways. 


DESCRIPTION  OF  RIVER  SYSTEM 

In  the  area  considered,  the  Guadalupe  River  and  tributaries  flow 
through  Cretaceous  sediments.  West  of  the  Balcones  fault  zone,  which 
passes  close  to  New  Braunfels,  these  rocks  primarily  are  well  consolidated 
Lower  Cretaceous  limestones  and  comprise  the  highly  dissected  Edwards 
Plateau.  In  western  Kerr  County  the  stream  heads  in  three  forks  fed  by 
springs  located  in  the  lower  part  of  the  Edwards  limestone  and  flows  east¬ 
ward  and  southward  through  the  Glen  Rose  limestone  and  related  sedi¬ 
ments.  At  the  fault  zone  the  river  flows  over  a  narrow  belt  of  Edwards 
and  Comanche  limestones  and  then  into  the  more  poorly  consolidated 
Upper  Cretaceous  Taylor  marl  and  Anacacho  limestone  at  the  edge  of  the 
coastal  prairie.  Minor  tributaries  of  the  upper  Guadalupe  River  are  usually 
fed  by  small  springs  from  the  Glen  Rose  or  Edwards  formations  but  often 
are  not  connected  directly  to  the  river  during  dry  periods.  The  large  springs 
feeding  the  Comal  River  in  New  Braunfels  have  their  origin  in  the  Edwards 
limestone  and  emerge  at  the  Balcones  fault  line. 

Throughout  the  Edwards  Plateau  the  river  bottom  is  characterized 
by  bedrock.  In  the  forks  and  upper  reaches  of  the  stream  bedrock  riffles 
are  quite  extensive  and  pools  are  short  and  relatively  shallow.  The  stream 
profile  is  more  mature  east  of  Kerr  County,  where  the  riffles  are  shorter 
and  often  composed  of  stream  gravels  and  the  pools  are  longer,  wider,  and 
deeper,  with  silt  overlying  bedrock  in  deeper  pools.  Riffles  and  pools  be¬ 
tween  the  Balcones  fault  and  Cotto-n  Mill  Dam  differ  only  in  having 
smaller  amounts  of  consolidated  bedrock.  The  lower  reaches  of  the  tribu¬ 
taries  have  bottom  conditions  similar  to  those  of  that  part  of  the  river  which 
they  enter.  Their  upper  reaches  have  bedrock  bottoms  like  the  river  head¬ 
waters. 

The  upper  parts  of  the  three  primary  forks  are  bordered  by  grasses, 
reeds,  a  few  poplars,  and  other  woody  species.  Lower  reaches  of  the  forks 
as  well  as  the  main  stream  are  lined  with  cypress,  other  woody  plants,  and 
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some  grasses.  In  many  areas  the  shoreline  vegetation  has  been  stripped  away 
by  floods,  leaving  extensive  exposures  of  bedrock  and  gravels  along  the 
river.  Tributaries  are  comparable  to  the  main  forks  in  having  little  woody 
vegetation  near  their  sources  and  cypress  and  other  trees  on  their  lower 
portions. 

Submerged  aquatic  plants  are  fairly  abundant  west  of  Kerrville,  espe¬ 
cially  in  spring  areas.  Potomogeion,  Ltidwegia,  Myriophyllum,  Sagittaria, 
Chara,  and  several  filamentous  algae  are  most  often  encountered.  East  of 
Kerrville,  Chara  and  filamentous  algae  are  sometimes  present,  but  other 
submerged  aquatic  plants  are  rare  to  absent.  Nuphar  is  common  in  silted 
areas  from  the  forks  downstream.  Other  emergent  aquatics  sometimes  seen 
include  Typha  and  Zyzaniopsis.  Minor  tributaries  contain  the  same  sub¬ 
merged  aquatic  plants  in  spring  areas. 

Except  after  heavy  rains,  the  North  and  South  forks  and  the  main 
stream  west  of  Kerrville  are  very  clear.  Johnson  Creek  develops  a  slight 
murkiness  about  two  miles  east  of  Mountain  Home;  Verde  Creek  becomes 
slightly  murky  six  miles  southwest  of  its  mouth- — twelve  miles  southeast  of 
Kerrville;  and  Turtle  Creek  is  murky  seven-and-a-half  miles  west  of  its 
mouth— seven  miles  southeast  of  Kerrville.  Bear  Creek— three  miles  south 
of  Sattler— and  Spring  Creek— eight  miles  west  of  the  Comal  County  line 
— are  clear  throughout  their  length  except  after  heavy  rains.  The  remain¬ 
ing  tributary  collections  are  from  isolated  pools  and  no  reliable  turbidity 
data  were  obtained.  Excessive  overgrazing  in  the  watershed  contributes  to 
the  turbidity.  The  main  stream  becomes  murky  very  abruptly  one  mile 
west  of  Kerrville,  where  washing  water  from  a  gravel  company  enters  the 
river.  Thus  the  normal  transition  zone  has  been  eliminated  completely. 
Localized  areas  in  the  lower  part  of  the  river  are  clear  where  spring-fed 
waters  enter.  In  comparison  with  most  southwestern  streams  the  upper 
Guadalupe  and  its  tributaries  are  clear.  In  all  waters,  except  those  in  the 
immediate  vicinity  of  Kerrville,  the  bottom  is  visible  at  two  feet  or  more. 

Comal  River  rises  from  many  sizable  springs  at  the  foot  of  the  Edwards 
Plateau  and  joins  the  Guadalupe  River  three  miles  to  the  east.  The  stream 
is  generally  narrow,  deep,  and  swift,  with  a  bedrock  bottom.  Pecans,  oaks, 
elms,  other  woody  plants,  and  grasses  form  the  shoreline  vegetation.  Sub¬ 
merged  aquatics  vary  from  common  to  abundant  and  include  ValUanaria 
in  addition  to  those  plants  found  in  the  upper  Guadalupe.  Emerged  aquatics 
such  as  Typha  are  not  common,  but  Caladmm  is  well  distributed.  The 
river  develops  little  murkiness  before  entering  the  Guadalupe. 

Temperatures  of  the  main  springs  in  Kerr  County  and  the  smaller 
springs  throughout  the  watershed  are  close  to  69°  F.  at  all  times  of  the 
year,  but  a  variation  of  several  degrees  is  possible.  Fluctuations  in  the 
Guadalupe  and  tributaries  are  very  great,  i.e.,  four  miles  downstream  from 
Kerrville,  where  the  river  was  heavily  coated  with  ice  during  the  previous 
winter,  twenty-two  fish  species  were  collected  on  August  6,  1951,  in  95° 
F,  water.  This  collection  contains  the  largest  number  of  species  taken  at 
any  one  station  during  the  survey.  Another  collection,  which  contains  such 
species  as  Notropis  lutrensis,  Microptenis  salmoides,  and  Lepomis  megalotis, 
had  a  97°  F.  water  temperature.  The  temperature  of  the  Comal  River  is 
initially  74°  F.  but  is  materially  raised  by  the  condenser  units  of  the  Comal 
Power  Plant  near  the  headwaters.  Temperatures  are  seldom  less  than  80°  F. 
between  the  plant  and  the  Guadalupe. 


1953,  No.  2 
June 


Fishes  of  Guadalupe  River 


219 


FIGURE  I 

COLLECTION  LOCALITIES 


0  Mollienesia  latipinna 
A  Lepisosteus  producfus 


SPECIES  LIST 

The  distributional  records  of  each  of  the  recorded  upper  Guadalupe 
River  fishes  are  plotted  on  Figures  2»34.  The  general  distribution  of  most 
species  is  well  illustrated  by  these  maps.  It  must  be  pointed  out,  however, 
that  collections  are  far  more  numerous  in  the  headwater  regions  and  in 
the  New  Braunfels  area  than  in  the  intervening  part  of  the  river  (Fig.  1). 
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FIGURE  3. _ 

•  Lepisosteus  osseus  leptorhynchus 
A  Fundulus  notatus 


#  Dorosoma  cepedianum 
■  Gambusia  sp. 
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Carpiodes  oarpio  carpio 


•  Moxostoma  congestum  congestum 
A  Erimyzon  oblongus  claviformis 
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FIGURE  7  FIGURE  8 

Extrarius  aestivalis  aestivalis  Notropis  amabilis 
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FIGURE  9 

Notropis  lutrensis  iuxoides 


FIGURE  10 

Notropis  venustus  venustus 
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FIGURE  II 

Notropis  deliciosus  deliciosus 


FIGURE  12 

Notropis  volucellus  nocomis 
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As  day  seining  predominated,  those  fishes  most  easily  collected  by  this 
method  may  appear  to  be  more  abundant  than  they  actually  are.  The  dis¬ 
tribution  of  fishes  easily  collected  by  gill  nets  closely  parallels  the  distri¬ 
bution  of  gill  net  sets,  i.e.,  Dorosoma  cepedianum  occurred  in  16  of  17  gill 
net  stations  and  four  of  90  seining  stations.  Some  stations  are  so  close  to¬ 
gether  that  it  is  impossible  to  distinguish  them  on  distribution  maps. 

Lephtosteus  product  us  Cope — Figure  2 

Only  two  young  specimens  of  the  spotted  gar  were  obtained.  All 
available  information  indicates  that  this  species  is  rare  in  the  survey  area. 

Lephosteus  osseus  leptorhynchus  Girard — Figure  3 

The  southern  longnose  gar  was  taken  in  only  seven  survey  collections. 
Without  doubt  it  is  more  abundant  than  these  records  indicate.  Rotenone 
treatment  of  the  Guadalupe  River  near  New  Braunfels  in  1951  revealed 
that  this  species  was  dominant  in  larger  pools.  Bonham  reported  "gar”  in 
nine  of  his  30  Kerr  County  stations,  including  two  from  the  eastern  part 
of  the  South  Fork. 

Both  species  of  gar  were  collected  in  the  larger  muddy  pools.  They  are 
believed  to  be  more  abundant  in  the  murky  water  east  of  Kerrville  than 
in  the  clear  headwaters. 

Dorosoma  cepediaimm  (LeSueur) — Figure  4 

Dorosoma  cepedianum  Jordan  and  Gilbert,  1886:  24,  Rio  Comal  at  New 

Braunfels. 

As  mentioned  above,  our  collection  records  of  Dorosoma  cepediamim 
closely  parallel  the  gill  net  sets.  It  may  be  assumed  that  the  gizzard  shad 
can  be  found  in  all  large  pools  but  those  in  the  extreme  headwaters.  Al¬ 
though  it  seems  to  prefer  pools  with  silted  bottoms,  it  is  equally  common 
in  clear  and  murky  water. 

Carpiodes  carpio  carpio  (Rafinesque) — Figure  5 

The  distribution  of  the  carp  sucker  closely  resembles  that  of  Dorosoma 
cepedianum  in  this  area.  The  two  headwater  collections  represent  one  speci¬ 
men  each,  while  the  remaining  three  represent  approximatly  100  speci¬ 
mens,  indicating  greater  abundance  in  the  murky  water  east  of  Kerrville. 

Moxosfoma  congestum  congestum  (Baird  and  Girard) — Figure  6 

Myxostoma  macrolepidotum  Cope,  18  80:  3  6,  Guadalupe  River. 

Moxostoma  congestum  Jordan  and  Gilbert,  18  86:  23,  Rio  Comal  at  New 

Braunfels. 

The  Texas  grey  redhorse  sucker  is  equally  abundant  throughout  the 
survey  area  except  that  it  is  absent  in  the  spring  sources.  It  is  found  most 
abundantly  in  pools  with  silty  bottoms.  Young  are  often  found  in  moving 
water.  The  extensive  series  examined  shows  no  tendency  toward  intergra¬ 
dation  with  Moxostoma  congestum  albidum  (Girard) . 

Erimyzon  oblongus  claviformis  (Girard) — Figure  6 

Two  specimens  of  the  western  creek  chubsucker  were  collected  at 
one  station  near  the  head  of  the  South  Fork.  Knapp  (personal  communica¬ 
tion,  1952)  reports  that  Bonham  collected  this  fish  in  Turtle  Creek.  The 
restricted  headwater  distribution  of  this  sucker  leads  us  to  believe  that  the 
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sample  represents  a  relic  population.  The  fate  of  this  clear  water  species 
in  Kerr  County  has  been  hastened  by  floods  and  siltation  caused  by  over- 
grazing. 

Exfrarius  aestivalis  aestivalis  (Girard) — Figure  7 

Hybopsis  aestivalis  marconis  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at 
New  Braunfels. 

Extrarins  aestivalis  marconis  Evermann,  1893:  82,  Guadalupe  River  at  New 
Braunfels. 

The  Mexican  speckled  dace  was  taken  quite  commonly  in  the  murky 
waters  east  of  Kerrville  but  was  not  found  in  the  clear  headwaters.  It 
prefers  riffle  areas.  No  specimens  that  indicated  any  tendency  toward 
Extrarius  aestivalis  marconis  Jordan  and  Gilbert  were  collected. 

Notemigonus  crysoleucas  seco  (Girard) — Figure  13 

We  believe  that  the  one  record  of  the  golden  shiner  obtained  by  the 
survey  resulted  from  bait  release.  A  single  specimen,  collected  by  Knapp 
near  the  Kendall-Kerr  county  line,  probably  had  the  same  origin. 

Notropis  amabilis  (Girard) — Figure  8 

Notropis  deliciosus  Jordan  and  Gilbert,  18  86:  23-4,  Rio  Comal  at  New 
Braunfels  (in  part). 

Notropis  swaini  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at  New  Braun¬ 
fels;  Evermann,  1893:  79,  Comal  Creek  at  New  Braunfels. 

Although  the  47  collections  of  the  Texas  shiner  are  evently  distributed 
in  the  survey  area,  the  clear  water  samples  contain  the  largest  number  of 
individuals.  This  fish  is  the  only  minnow  abundant  both  in  spring  areas 
and  in  the  rest  of  the  river.  Most  specimens  were  collected  in  pools, 

Notropis  lutrensis  Inxiloides  (Girard)  Figure  9 

Notropis  deliciosus  Jordan  and  Gilbert,  18  86:  23-4,  Rio  Comal  at  New 
Braunfels  (in  part). 

Notropis  lutrensis  Jordan  and  Gilbert,  1886:  24,  Rio  Comal  at  New  Braun¬ 
fels;  Evermann,  1893:  79,  Guadalupe  River  at  New  Braunfels. 

The  plains  red  shiner  is  abundant  in  all  parts  of  the  upper  Guadalupe 
system  except  the  extreme  headwaters,  where  it  occurs  in  small  numbers. 
Notropis  lutrensis  is  taken  more  frequently  in  pools  than  in  flowing  water, 
although  it  is  not  excluded  from  the  less  turbulent  riffles.  This  species 
frequently  hybridizes  with  Notropis  venustiis  and  the  hybrid  frequency 
will  be  discussed  under  the  next  heading. 

Notropis  venustus  venustus  (Giurd) — Figure  10 

The  Texas  spottail  shiner  is  commonly  found  in  the  clearer  waters 
downstream  from  the  spring  sources.  In  contrast  to  N.  lutrensis  it  is  rare 
in  the  murky  waters  in  Kendall  and  Comal  counties.  Where  it  is  sympatric 
with  the  plains  red  shiner,  N.  venustus  is  ^.ore  abundant  in  swifter  water. 

As  mentioned  above  N .  venustus  and  lutrensis  frequently  hybridize  in 
the  survey  area.  Complete  interfertility  is  indicated  by  series  of  specimens 
showing  all  intermediate  degrees  of  pheno.vpic  characters.  As  these  two 
closely  related  species  have  very  distinct  cc'ior  patterns,  the  intermediate 
forms  are  easy  to  distinguish.  The  hybrid  tiecuency  is  greatest  in  the  river 
between  Kerrville  and  the  Kerr-Kendall  county  line.  In  this  area  hybrid 
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FIGURE  13 
#  Dionda  ©piscopo 
■  Notropis  buchanani 
A  Notemlgonus  crysoleycas 


FIGURE  14 

Pimepholes  vigilax  vigilox 
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FIGURE  15 

Campostoma  anomalum  pullum 


FIGURE  16 

#  Ictolurus  punctotus  punctatus 
A  Ictalurus  punctatus  lupus 
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A  Ameiurus  melas  catulus 


FIGURE  18 
Pilodietls  oNvoris 
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frequency  ranges  from  23%  to  62%  for  collections  exceeding  ten  speci¬ 
mens,  For  comparable  samples  in  the  headwaters  and  tributaries,  hybrid 
frequency  exceeded  0%  only  in  one  collection  from  the  South  Fork  with 
67%  frequency.  Typical  N.  venmtm  is  nearly  absent  in  Kendall  and  Comal 
counties,  and  the  few  hybrids  can  be  accounted  for  by  gene  flow  from 
the  hybrid  populations  upstream  or  possibly  from  minor  local  hybrid 
swarms.  The  area  of  greatest  hybrid  frequency  corresponds  with  the  part 
of  the  river  where  clear  water  suddenly  becomes  turbid.  This  condition 
arose  suddenly  in  the  193  0’s,  when  a  gravel  company  began  operations  and 
started  emptying  its  wash  water  into  the  river,  a  policy  that  has  continued 
to  the  present.  This  sudden  and  persistent  disturbance  is  thought  to  have 
caused  the  hybrid  swarm.  The  high  hybrid  frequency  at  one  point  on  the 
South  Fork  may  have  been  caused  by  some  similar  but  unknown  ecologic 
disturbance. 

The  future  of  these  hybrid  swarms  will  be  followed  both  in  the  field 
and  by  aquarium  investigations  at  the  University  of  Texas. 

Notropis  deliclosus  deliciosus  (Girard) — Figure  11 

The  southern  sand  shiner  is  a  striking  example  of  a  form  restricted  to 
headwater  areas.  It  generally  does  not  occur  at  springs  but  is  found  in  shal¬ 
low  bedrock  pools  and  riffles, 

Notroph  volncelhis  nocomis  Evermann — Figure  12 

Notropis  deliciosus  Jordan  and  Gilbert,  18  86:  23-4,  Rio  Comal  at  New 
Braunfels  (in  part);  Evermann,  1893:  77,  Guadalupe  River  at  New 
Braunfels. 

Notropis  nocomis  Evermann,  1893:  78-9,  New  Braunfels. 

The  Texas  mimic  shiner,  in  contrast  to  N.  deliciosus,  is  most  abundant 
in  the  murky  waters  east  of  Kerrville.  The  three  headwater  records  repre¬ 
sent  very  few  specimens.  Notropis  volucellus  is  most  abundant  among  the 
gravel  between  the  lower  edge  of  the  pools  and  the  upper  part  of  the  riffles. 

Notropis  bnchanani  Meek — Figure  13 

The  only  record  for  the  ghost  mimic  shiner  is  at  the  lower  end  of 
the  survey  area,  where  the  river  has  emerged  onto  the  coastal  prairies.  Sev¬ 
eral  specimens  were  obtained  from  a  large  deep  pool.  This  species  appears  to 
replace  N .  volucellus  east  of  the  Balcones  Escarpment. 

Dionda  episcopa  couchi  Girard — Figure  13 

Dionda  episcopa  Jordan  and  Gilbert,  18  86:  23,  Rio  Comal  at  New  Braun¬ 
fels;  Evermann,  1  893:  75,  Comal  Spring. 

In  the  area  studied  the  roundnose  minnow  is  restricted  almost  entirely 
to  springs.  In  these  limited  zones  it  is  the  most  common  minnow.  The  con¬ 
centration  of  the  species  is  greatest  immediately  downstream  from  the 
springs  with  a  rapid  decrease  in  abundance  away  from  the  spring. 

Minor  differences  were  noted  between  specimens  from  Kerr  County 
and  those  from  Comal  Springs  but  the  differences  have  not  been  analyzed. 

Pimephales  vigilax  vigilax  (Baird  and  Girard) — Figure  14 

Cliola  vigilax  Jordan  and  Gilbert,  18  86:  23,  Rio  Comal  at  New  Braunfels; 

Evermann,  1893:  76,  Guadalupe  River  near  New  Braunfels. 

Ceraticbthys  vigilax  Hubbs  and  Black,  1947:  30,  map  of  four  Kerr  County 
records. 


1953,  No.  2 
June 


Fishes  of  Guadalupe  River 


231 


The  parrot  minnow  is  most  abundant  in  the  murky  waters  east  of 
Kerrvilie.  The  seven  tributary  collections  in  Kerr  County  that  contained 
this  species  were  made  at  stations  where  the  water  was  murky.  F'nne phales 
vigilax  is  most  abundant  at  the  upstream  end  of  silty  pools.  It  seems  to 
prefer  the  steep  bank  where  the  current  enters  the  pool, 

Campostoma  anomalum  ptdlum  (Agassiz)— Figure  15 

Although  the  central  stoneroller  is  found  throughout  the  upper  Guad¬ 
alupe  system,  it  is  most  abundant  in  the  headwaters  and  tributaries.  Its 
habitat  preference  is  shallow  algae-covered  riffles.  Recent  drought  years 
have  greatly  limited  its  occurrence  in  tributary  streams. 

Ictalurus  punctatus  punctatus  (Rafinesque)- — Figure  16 

The  southern  channel  catfish  is  present  in  all  parts  of  the  upper  Guad¬ 
alupe  system  except  the  spring  headwaters.  The  young,  usually  spawned  in 
May,  are  commonly  found  in  riffles  during  the  summer  months.  Adults  are 
most  often  found  in  pools. 

Ictalurus  punctatus  lupins  (Girard) — Figure  16 

Two  specimens  of  the  headwater  channel  catfish  were  obtained  from 
Comal  Springs.  No  other  sample  of  channel  catfish  examined  showed  any 
approach  towards  lupus.  The  taxonomic  rank  for  this  fish  has  not  been 
fully  settled,  and  subsequent  work  may  prove  it  to  represent  a  distinct 
species.  This  fish  may  have  been  more  abundant  in  the  Guadalupe  River 
prior  to  the  ecologic  changes  accompanying  white  settlement  of  the  area. 

Ameiurus  melas  catulus  (Girard) — Figure  17 

Little  can  be  ascertained  (other  than  its  rarity)  concerning  the  range 
and  habitat  of  the  southwestern  black  bullhead  from  the  single  record  in 
the  survey  area,  oddly  at  the  same  locality  where  the  sole  record  of 
Notemigomis  crysoleucas  seco  was  obtained. 

Amehirtis  natalis  natalis  (LeSueur) — Figure  17 

Ameiurus  nebulosus  catulus  Evermann  and  Kendall,  1894:  96,  Comal  Springs 

at  New  Braunfels. 

The  northern  yellow  bullhead  is  characteristically  a  headwater  species. 
Although  it  is  typical  of  silty  pools  or  backwaters  in  the  upper  reaches, 
specimens  have  been  taken  from  the  spring  sources. 

Pilodictis  oUvaris  (Rafinesque) — Figure  18 

The  flathead  catfish  is  most  commonly  found  in  the  murky  waters  east 
of  Kerrvilie.  The  presence  of  young  in  riffles  and  adults  in  pools  during 
the  summer  closely  resembles  the  pattern  observed  in  Ictalurus  p.  punctatus, 
but  the  young  flathead  catfish  are  common  only  in  the  deeper,  boulder 
strewn  riffles.  The  size  of  young  specimens  indicates  that  the  adults  spawn 
during  June. 

Fundulus  notatus  (Rafinesque) — Figure  3 

Only  two  records  of  the  blackband  topminnow  were  obtained  in  the 
survey  area.  These  specimens  from  Landa  Park  Lake  are  considered  to  define 
closely  the  upstream  limits  of  this  species.  In  this  locality,  as  in  other  areas, 
the  species  is  found  at  the  surface  in  quiet  water. 
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FIGURE  21  FIGURE  22 

Percina  caprodes  corbonorio  Etheostoma  spectobile 
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Gambmia  af finis  af finis  (Baird  and  Girard ) —-Figure  19 

Gambtisia  patretilis  Jordan  and  Gilbert,  1886:  24,  Rio  Comal  at  New  Braun¬ 
fels;  Evermann,  1893:  88,  Comal  Creek  at  New  Braunfels. 

The  Mississippi  mosquitofish  is  very  abundant  throughout  the  upper 
Guadalupe  River  system.  It  is  absent  only  in  the  immediate  spring  areas  at 
Landa  Park.  The  species  prefers  still  pools  and  backwaters. 

The  mosquitofish  collected  from  Comal  Springs  by  Jordan  and  Gilbert 
in  18  84,  and  by  Evermann  in  1891,  appear  to  be  Gambmia  af  finis  speciosa 
Girard.  The  extinction  of  the  speciosa  population  in  historic  time  may  illus¬ 
trate  the  future  fate  of  the  restricted  populations  of  Ictalurus  punctatus 
lupus  in  Texas.  The  ponding  of  the  spring  areas  in  both  known  localities 
for  both  fish  may  be  a  major  factor  leading  to  their  decrease  in  abundance 
and  final  extinction. 

Gambmia  sp.— Figure  4 

This  mosquitofish  is  restricted  to  Comal  Springs  and  vicinity  in  the 
survey  area.  This  undescribed  species,  a  close  relative  of  Gambmia  nobilis, 
is  restricted  to  the  large  springs  at  the  base  of  the  Balcones  fault.  The  fish 
is  collected  from  running  water  more  frequently  than  any  of  the  other 
three  cyprinodonts  in  the  upper  Guadalupe. 

MolUenesia  latipinna  LeSueur— Figure  2 

The  sailfin  molly  occurs  commonly  in  Landa  Park  Lake  and  with  lesser 
frequency  in  the  adjacent  portions  of  the  Comal  and  Guadalupe.  The  species 
is  thought  to  have  been  introduced  and  the  lack  of  early  records  in  the  area, 
where  it  is  now  very  abundant,  substantiates  this  view.  Its  habitat  preference 
is  quieter  waters  around  springs,  which  have  little  temperature  fluctuation. 

Hadropterm  scierus  Swain— Figure  20 

Hadropterm  scierus  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at  New 
Braunfels. 

Etheostoma  sctermn  serrula  Evermann  and  Kendall,  1894:  113-4,  Guadalupe 
River  at  New  Braunfels. 

This  undescribed  subspecies  of  the  dusky  darter  is  present  in  the  murky 
main  stream  east  of  Kerrville.  No  specimens  were  taken  in  the  clearer,  spring¬ 
head  waters.  The  dusky  darter  prefers  the  deeper,  boulder-strewn  riffles, 
frequently  being  taken  in  the  same  seine  haul  as  young  Pilodictis  oUvaris. 

Percina  caprodes  carbonaria  (Baird  and  Girard) —Figure  21 

The  southwestern  log  perch  is  most  abundant  in  the  murky  waters 
west  of  Kerrville.  Although  it  prefers  rapid  water,  some  specimens  were 
collected  from  pools.  The  specimens  obtained  by  the  survey  show  many 
morphologic  differences  when  compared  with  specimens  from  southern  Okla¬ 
homa  and  northern  Texas.  These  differences  have  not  been  analyzed. 

Etheostoma  spectabile  (Agassiz)— Figure  22 

Etheostoma  lepidum  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at  New 
Braunfels;  Evermann  and  Kendall,  1894:  114,  Comal  Creek  at  New 
Braunfels. 

This  undescribed  subspecies  of  the  orange  throat  darter  is  present  in  all 
parts  of  the  upper  Guadalupe  system,  except  the  springs.  It  is  most  com¬ 
mon  on  gravel  riffles  with  little  vegetation. 
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Etheostoma  lepklum  lepiclogenys  Evermann  and  Kendall—Figure  23 

Etheostoma  lepiclogenys  Evermann  and  Kendall,  1894:  114-5,  Comal  Springs 
at  New  Braunfels. 

The  Guadalupe  River  green  throat  darter  is  virtually  restricted  to  the 
clear  headwaters  and  is  most  concentrated  in  the  immediate  vicinity  of 
springs.  When  sympatric  with  Etheostoma  spectabile,  the  green  throat  darter 
has  a  preference  for  heavily  vegetated  riffles. 

In  the  original  description,  Evermann  and  Kendall’s  comparison  with 
Etheostoma  lepidnm  was  a  comparison  with  specimens  of  Etheostoma  spec¬ 
tabile.  The  descriptions  and  comparisons  closely  fit  our  specimens  of  the  two 
species.  The  confusion  regarding  these  two  names  is  not  limited  to  this 
stream  system.  Almost  all  literature  records  of  E.  lepidum  are  based  on 
spectabile  specimens. 

Etheostoma  fonticola  (Jordan  and  Gilbert) — Figure  24 

Etheostoma  fonticola  Evermann  and  Kendall,  1894:  1  15,  Comal  River  at 
New  Braunfels. 

The  fountain  darter  in  the  survey  area  is  restricted  to  Comal  Springs 
and  vicinity.  Similar  to  Gambtisia  sp.  it  also  inhabits  San  Marcos  Springs. 
Etheostoma  fonticola  is  found  in  dense  vegetation  in  flowing  water. 

Micropterus  punctulatus  treculi  (Vaillant  and  Bocourt)— -Figure  24 

Micropterus  floridanus  Cope,  1880:  3  1-32,  Guadalupe  River. 

Micropterus  punctulatus  treculii  Hubbs  and  Bailey,  1942:  10,  seven  Kerr 
County  records. 

The  Texas  spotted  bass  is  common  in  the  areas  east  of  Kerrville  (up¬ 
stream  collections  included  very  few  individuals  and  no  specimens  were  col¬ 
lected  in  the  extreme  headwaters).  This  small  subspecies  of  spotted  bass  is 
generally  found  in  riffles  and  in  the  heads  of  pools. 

Micropterus  salmoides  salmoides  (Lacepede)- — Figure  2  5 

Micropterus  salmoides  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at  New 
Braunfels. 

The  largemouth  black  bass  is  distributed  throughout  the  upper  Guad¬ 
alupe  drainage,  although  it  is  much  more  abundant  in  clearer  waters.  The 
young  often  are  found  in  riffles  and  shallow  pools,  but  the  adults  inhabit 
deeper  pools.  In  areas  where  the  largemouth  and  spotted  bass  occur  together, 
the  former  is  more  likely  to  be  taken  in  pools  and  the  latter  in  riffles. 
When  compared  with  M.  punctulatus  treculi  in  the  upper  Guadalupe,  M, 
salmoides  is  a  headwater  inhabitant,  i.e.,  of  239  largemouth  and  78  spotted 
bass  specimens,  8  5  %  of  the  former  and  9%  of  the  latter  are  from  the  head¬ 
waters,  while  15%  of  the  former  and  9%  of  the  latter  are  from  down¬ 
stream  collections. 

Chaenobryttus  coronarius  (Bartram) — Figure  26 

Geographically  the  warmouth  is  evenly  distributed  in  the  survey  area. 
It  is  found  in  moderate  numbers  in  heavy  vegetation  or  brush  in  quiet  water. 
Upstream  collections  include  more  individuals  than  downstream  records. 
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Lepomis  cyanellus  Rafinesque— Figure  27 

Although  the  green  sunfish  is  present  in  collections  from  most  parts  of 
the  upper  Guadalupe,  it  is  most  abundant  in  the  small  tributaries  subjected 
to  fluctuations  in  flow.  Like  all  sunfish,  it  is  most  frequently  taken  from 
pools. 

Lepomis  punctatus  miniatus  Jordan— Figure  28 

Although  the  spotted  sunfish  is  present  in  collections  from  various 
parts  of  the  upper  Guadalupe,  it  is  most  abundant  in  the  clear  headwaters. 
Adults  of  this  species  are  more  likely  to  be  taken  in  flowing  water  than 
are  adults  of  any  other  sunfish  occurring  in  the  area.  Almost  without  ex¬ 
ception  this  species  was  collected  from  aquatic  vegetation. 

Lepomis  microlophtis  (Gunther) —Figure  29 

This  undescribed  subspecies  of  the  redear  sunfish  is  a  clear  water  in¬ 
habitant  in  the  upper  Guadalupe.  This  large  sunfish  favors  the  deeper  and 
wider  pools  in  the  upstream  portion  of  the  river. 

Lepomis  miritus  (Linnaeus) — Figure  30 

The  majority  of  the  collections  of  the  yellowbelly  sunfish  are  from 
the  clear  water  west  of  Kerville.  This  introduced  species  is  taken  almost  ex¬ 
clusively  from  large  pools.  As  the  species  is  one  of  the  largest  sunfishes,  its 
distribution  is  of  interest  to  the  sport  fisherman. 

Lepomis  megalotis  aquilensis  (Baird  and  Girard) —Figure  31 

Lepomis  megalotis  Jordan  and  Gilbert,  18  86:  24,  Rio  Comal  at  New  Braun¬ 
fels;  Evermann  and  Kendall,  1894:  112,  Comal  Creek  and  Guadalupe 

River  at  New  Braunfels. 

The  southwestern  longear  sunfish  was  collected  in  more  localities  than 
any  other  species  during  the  survey.  Needless  to  say,  it  is  present  through¬ 
out  the  stream  system.  It  appears  to  prefer  pools  to  riffles.  One  collection 
( 1 5  miles  south  southwest  of  Kerrville)  contained  specimens  that  have 
some  atypical  morphologic  characteristics. 

Lepomis  macroohirm  speciosus  (Baird  and  Girard)— Figure  32 
Pomoiis  speciosus  Girard,  18  5  8:  23-4,  New  Braunfels. 

Lepomis  paUidus  Jordan  and  Gilbert,  1886:  24,  Rio  Comal  at  New  Braunfels. 

The  bluegill  is  most  plentiful,  both  in  individuals  and  in  localities,  in 
the  clear  headwaters  west  of  Kerrville.  Typically,  it  is  a  pool  fish  that  does 
not  exceed  eight  inches  in  total  length.  Despite  extensive  stocking  of 
Lepomis  macrochirus  purpurescens  in  the  survey  area,  no  specimens  were 
obtained. 


AmblopUtes  rupestris  rupestris  (Rafinesque)— Figure  3  3 

The  northern  rock  bass  is  present  in  only  three  collections.  This  in¬ 
troduced  species  has  survived  only  in  spring  areas  where,  temperature  fluctu¬ 
ations  are  at  a  minimum. 

Pomoxis  annularis  Rafinesque— Figure  3  3 

The  white  crappie  is  undoubtedly  stock  and  the  two  survey  records 
indicate  low  population  numbers  in  the  larger  pools. 
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FIGURE  32 

Lepomis  macrochirus  speciosus 
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Vomoxis  nigromaculatus  (LeSueur) — Figure  3  3 

The  two  records  of  the  black  crappie  probably  result  from  past  stock¬ 
ing.  At  the  present  they  are  rare  in  the  larger  pools  in  the  survey  area. 
Several  atypical  specimens  were  collected  at  the  Kerr,  Kendall  County  line. 

Herichthys  cyanogiitiattis  cyanogiittatus  (Baird  and  Girard)- — Figure  34 

This  species,  which  was  introduced  from  the  south,  is  restricted  to  the 
vicinity  of  springs,  where  winter  temperatures  remain  within  its  tolerance. 
The  Rio  Grande  cichlid  is  an  inhabitant  of  thick  vegetation.  It  is  odd  that 
this  species  is  most  abundant  in  Comal  Springs,  where  Amhlo phlites  nipestris 
has  been  able  to  survive  the  warm  summer  temperatures. 

FISH  associations  IN  THE  UPPER  GUADALUPE  RIVER 

We  believe  that  the  survey  demonstrates  that  three  major  fish  associa¬ 
tions  occur  in  the  upper  Guadalupe  River.  The  eastern  boundary  of  the 
survey  area  approaches  a  fourth  major  association. 

Spring  Association.  This  association  includes  the  spring  sources  of  the 
three  forks,  Comal  River,  Turtle  Creek,  and  possibly  other  unsampled  areas. 
Very  few  fishes  are  intimately  associated  with  these  springs.  Dionda  episcopa 
is  found  only  in  this  association  and  its  presence  in  a  collection  indicates 
the  nearness  of  a  spring.  Ictalurus  puncatus  hiptts,  Gambnsia  sp.,  and  Etheo- 
stoma  fonticola  are  also  limited  to  this  association  but  occur  only  in  Comal 
Springs.  Notropis  amahilis  and  Etheostoma  lepidum,  although  not  restricted 
to  spring  areas,  reach  their  greatest  abundance  there, 

Cleartmter  Association.  The  clear  headwaters  of  the  upper  Guadalupe 
extend  from  the  spring  sources  to  the  gravel  company  site,  one  mile  west 
of  Kerrville.  Spring  fed  tributaries  are  clear  for  varying  distances  down¬ 
stream  from  their  sources.  The  centrarchids  dominate  this  association.  It  is 
best  typified  by  Notropis  deliciosus,  Lepomis  aurittts,  and  L.  microlophns. 
Notropis  venustus,  Micro pterus  salmoides,  Chaenobrytfus  coronarmSy  and 
Lepomis  punctatus  reach  their  peak  abundance  in  the  clear  headwaters. 
Campostoma  anomalum,  Ameiurtir  natalis,  and  Lepomis  cyanellus  are  most 
abundant  in  headwaters  regardless  of  turbidity.  Etheostoma  lepidum,  al¬ 
though  less  abundant  than  in  the  springs,  is  a  common  member  of  this  as¬ 
sociation.  What  appears  to  be  a  relict  population  of  Erimyzon  oblongus  still 
survives  in  a  clearwater  habitat. 

Murky  Water  Association.  The  murky  water  segment  of  the  Guada¬ 
lupe  extends  from  the  gravel  company  to  the  Cotton  Mill  Dam  in  New 
Braunfels.  The  lower  portion  of  tributaries  emptying  their  waters  into  this 
segment  are  included  in  the  murky  water  association.  The  bottom  in  this 
area  is  usually  visible  at  two  feet  except  in  the  vicinity  of  the  gravel  com¬ 
pany.  Cyprinids  are  more  abundant  in  the  murky  water  association  than 
in  the  clear  waters.  Extrarius  aestivalis,  Notropis  volucellus,  Pilodictis 
olivaris,  Hadropterus  scierus,  and  Percina  caprodes  are  almost  restricted  to 
this  association  in  the  upper  Guadalupe.  Micro  pterus  punctulatus  is  far 
more  abundant  in  murky  water  than  in  clear  water.  Pimephales  vigilax  also 
occurs  in  the  slightly  murky  waters  in  the  lower  reaches  of  Johnson  Creek, 
the  watershed  of  which  is  heavily  overgrazed.  Lepisosteus  osseus,  Lepisosteus 
productus,  and  Carpiodes  carpio  best  may  be  included  within  the  typical 
fauna  of  this  association,  but  collection  records  are  too  infrequent  to  be 
certain. 
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Downstream  Association.  This  association  may  be  subdivided  further 
through  proposed  survey  work  by  the  Game  and  Fish  Commission.  The 
upstream  limit  of  this  association  appears  to  be  in  the  vicinity  of  New 
Braunfels.  Notropis  Inicbanani,  Fundnlus  notatns,  and  Molliensia  latipinna 
are  members  of  the  association  and  were  taken  within  the  lower  limits  of 
the  survey.  The  collections  of  Minctrema  melanops  (Rafinesque)  and 
Notropis  amnis  pinnosus  Hubbs  and  Bonham  at  New  Braunfels  in  the  late 
1800’s  are  believed  to  represent  upstream  strays  from  the  same  association. 
Other  downstream  fishes  that  might  be  expected  to  occasionally  stray  into 
the  survey  area  (especially  prior  to  the  construction  of  dams)  are:  Ictiobus 
Imbalus  (Rafinesque),  Opsopoeodns  emiliae  emiliae  Hay,  Pimephales  prom- 
elas  confertus  (Girard),  Anguilla  rostrata  (LeSueur),  Fnnduliis  olivaceus 
(Storer),  Hadropterus  shnmardi  Girard,  Etheostoma  chlorosomum  (Hay), 
and  Etheostoma  gracile  (Girard).  Lepibema  chrysops  (Rafinesque)  has 
been  stock  in  the  vicinity  and  may  eventually  enter  the  survey  area. 

Widely  Distributed  Species:  Several  species  collected  by  the  survey  arc 
of  more  general  distribution.  Notropis  lutrensis,  Gambusia  af finis,  and 
Lepomis  megalotis  might  be  expected  in  any  upper  Guadalupe  collection. 
Moxostoma  congestum,  Ictalurns  pnnetatus  punctatus,  Etheostoma  specta- 
bile,  and  Lepomis  macrochirns  occur  throughout  the  area  except  in  springs. 
Dorosoma  cepediannm  has  been  taken  almost  exclusively  by  gill  net,  but  its 
distribution  is  thought  to  resemble  that  of  Moxostoma  congestum. 

Miscellaneous  Species:  The  distribution  of  six  survey  species  remains 
to  be  discussed,  N otemigomis  crysoleucas,  Pomoxis  annularis,  and  P.  nigro- 
maculatus  are  probably  exotic  species  and  the  records  may  represent  release 
localities.  The  known  exotic,  Ambloplites  rupestris,  was  found  only  in 
springs  where  summer  temperatures  do  not  exceed  its  maximum  tempera¬ 
ture  tolerance.  The  southern  introduced  species,  Herichthys  cyanoguttatus, 
is  restricted  to  springs  and  their  near  vicinity  where  winter  temperatures 
do  not  fall  below  its  minimum  temperature  tolerance.  After  mild  winters 
the  numbers  of  Herichthys  increase  markedly.  The  single  record  of  Ameiurus 
melas  may  have  resulted  from  an  accidental  introduction. 
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INTRODUCTION 

In  recent  years  there  has  been  much  controversy  among  fishery  work¬ 
ers  in  Texas  over  the  status  of  several  fishes  occurring  in  the  Guadalupe 
River  Basin  of  Texas,  especially  in  the  headwaters  of  the  San  Antonio, 
Comal,  and  San  Marcos  Rivers.  The  status  of  the  following  species  in  re¬ 
gards  to  being  endemic  or  introduced  is  of  special  interest. 

Family  Cyprinidae:  Dionda  episcopa  couchi  Girard,  Mexican 
roundnose  minnow. 

Family  Vo-ecilidae:  MolUenesia  latipinna  LeSueur,  Sailfin  molly. 

Family  Characidae:  Astyanax  fasciatus  mexicamis  (de  Filippi) , 

Rio  Grande  tetra. 

Family  Cichlidae:  Herichthys  c.  cyanogtittahis  Baird  and  Girard, 

Rio  Grande  perch. 

Family  Centrarchidae:  AmblopUtes  r.  rupestris  (Rafinesque) , 
Northern  rock  bass. 

The  Guadalupe  River  Basin  includes  numerous  spring-fed  rivers  and 
streams.  Those  of  primary  importance  in  this  paper  are  the  San  Antonio 
River,  arising  from  springs  at  San  Antonio,  Texas,  the  Comal  River,  aris¬ 
ing  from  springs  at  New  Braunfels,  Texas,  and  the  San  Marcos  River,  aris¬ 
ing  from  springs  at  San  Marcos,  Texas.  The  headwaters  of  these  rivers 
are  characterized  by  numerous  springs  with  a  combined  high  rate  of  flow. 
The  water  is  perfectly  clear  with  a  luxuriant  aquatic  plant  growth  and  has 
a  rather  constant  temperature  throughout  the  year.  The  author  found  that 
the  springs  which  feed  Spring  Lake,  headwaters  of  the  San  Marcos  River, 
have  a  constant  year-round  pH  of  7.2  and  a  year-round  temperature  varia¬ 
tion  of  only  0.5°  C.  (22.0°  C.  to  22.5  C.)  or  an  approximate  temperature 
of  72°  F. 

Investigations  were  begun  to  determine  if  the  fishes  in  question  were 
native  in  these  waters.  Only  the  earliest  collection  records  were  considered 
as  being  pertinent  to  the  investigation.  All  five  species  of  fishes  have  been 
collected  by  the  author  in  the  Guadalupe  River  Basin  since  1947. 
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Dlonda  episcopa  couchi  Girard 

Consultation  with  Dr,  Clark  Hubbs,  Department  of  Zoology,  Uni¬ 
versity  of  Texas,  indicated  that  the  Mexican  roundnose  minnow  should  be 
a  native  species  in  the  above  mentioned  rivers.  The  fact  that  Dionda  episcopa 
is  found  in  most  of  the  springs  of  the  Edwards  Limestone  region  presents 
a  sound  argument  in  itself.  Specimens  were  recorded  from  the  Rio  Comal 
at  New  Braunfels  as  early  as  18  86  by  Jordan  and  Gilbert  (Evermann  and 
Kendall,  1894).  An  early  geographic  distribution  lists  them  as  occurring 
throughout  the  Colorado,  San  Antonio,  Nueces,  and  Rio  Grande  River 
basins  (Evermann  and  Kendall,  1894).  Two  specimens  were  collected  at 
the  Comal  Springs,  New  Braunfels,  in  1891  (Evermann,  1893).  Hybog- 
u  at  bus  episcopa  (Girard)  is  listed  as  being  abundant  from  the  rivers  of 
western  Texas  and  northwest  Mexico  from  the  Rio  Comal  to  the  Rio 
Grande  (Jordan  and  Evermann,  1896).  Later  collections  need  not  be  listed, 
since  the  earlier  records  confirm  the  presence  of  the  species.  Thus  it  appears 
that  Dionda  episcopa  couchi  is  native  to  the  waters  of  the  Guadalupe  River 
Basin,  establishing  itself  by  natural  means  at  an  early  date  in  the  spring 
areas  of  the  rivers. 

Mollienesia  latipinna  LeSueur 

The  sailfin  molly  is  prevalent  in  the  San  Antonio,  Comal,  and  San 
Marcos  Rivers,  and  is  especially  numerous  in  the  headwaters  of  these  rivers. 
It  is  also  present  in  the  Guadalupe  River,  especially  downstream  from  its 
junction  with  the  Comal  River. 

Evermann  (  1893  )  did  not  record  the  molly  as  occurring  in  the  Guad¬ 
alupe  River  Basin.  Jordan  and  Evermann  (1896)  give  the  range  of  this 
species  as  the  lowland  swamps  and  streams  from  South  Carolina  to  north¬ 
ern  Mexico.  The  early  collection  records  for  Texas  are  all  from  coastal 
areas  along  the  Gulf  of  Mexico.  Evermann  (1894)  lists  the  sailfin  molly 
as  a  brackish-water  species  collected  from  many  points  in  Texas  along  the 
Gulf  of  Mexico  from  Houston  to  Brownsville,  Jordan  and  Snyder  (1901) 
recorded  Mollienesia  latipinna  from  lagoons  near  Tampico,  Mexico. 

Although  fish  collections  were  made  in  this  area  in  1938,  the  Museum 
of  Zoology,  University  of  Michigan,  has  no  collection  records  for  this 
species  for  the  Guadalupe  River  Basin,  other  than  specimens  taken  in  1952. 
The  earliest  collection  record  found  was  from  the  collection  of  the  Agri¬ 
cultural  and  Mechanical  College  of  Texas: 

T.  A.  and  M.  Cat.  No.  W-2-d-l  3  3  spec,  of  Mollienesia  latipinna 

LeSueur  collected  by  Triesch  and  Vordenbaum  X- 17-41  from 

Salado  Creek  1  mile  below  bridge  crossing  in  Covington  Park, 

San  Antonio,  Bexar  Co.,  Texas. 

Correspondence  and  personal  interviews  resulted  in  the  collection  of 
pertinent  information  concerning  this  fish.  Mr.  E.  E.  Shiner  of  San  An¬ 
tonio,  Texas,  related  that  he  purchased  12  sailfin  mollies  from  Florida  in 
193  8  and  raised  and  sold  them.  During  193  9  a  spring  flood  washed  out 
his  ponds  on  Alazan  Creek,  tributary  of  the  San  Antonio  River,  and 
stocked  the  river  with  fish.  The  fact  that  no  mollies  were  in  the  San  An¬ 
tonio  River  before  this  date  is  verified  by  Mr.  Fred  Stark,  Director  of  the 
San  Antonio  Aquarium.  Mr.  C.  H.  Burnstein  of  New  Braunfels,  Texas, 
made  the  following  written  report  to  the  author.  “In  reply  to  your  letter 
dated  Jan.  3  1,  195  2,  I  wish  to  state  that  in  1932  or  1933  I  purchased  sev- 


1953,  No.  2 
June 


Introduced  Fishes  of  Guadalupe  River 


247 


era!  dozen  Sailfin  Molly,  (Tropical  Famtail)  from  a  local  bait  dealer  whose 
whereabout  is  now  unknown,  who  stated  he  had  secured  these  small  fish 
for  bait  breeding  purposes  from  a  source  in  Louisianae  I  placed  these  in 
the  lake  in  Landa  Park.  In  1940  I  noticed  them  in  great  number  in  the 
San  Antonio  River  and  obtained  several  hundred  and  again  placed  them 
in  Landa  Park.”  Landa  Park  Lake  is  the  headwaters  of  the  Comal  River 
at  New  Braunfels,  Texas. 

Mr.  Paul  Rogers  of  San  Marcos,  Texas,  whose  family  has  been  associ¬ 
ated  with  Spring  Lake,  headwaters  of  the  San  Marcos  River,  for  almost  50 
years,  informed  the  author  that  the  molly  was  not  in  the  San  Marcos  River 
until  1944,  when  a  fisherman  from  San  Antonio  brought  them  to  the  San 
Marcos  River  as  bait  and  released  them  on  several  occasions. 

It  is  noteworthy  that  the  highest  population  of  sailfin  mollies  occurs 
in  the  San  Antonio  River,  while  the  Comal  River  has  a  higher  population 
than  the  San  Marcos  River.  This  condition  correlates  directly  with  the 
number  stocked  and  the  sequence  of  stocking.  The  molly  is  not  so  abundant 
in  the  Guadalupe  River  due  to  the  lower  water  temperature  during  the 
winter. 

Considering  the  extreme  abundance  of  the  molly  in  these  waters  at 
the  present,  the  lack  of  collection  records  before  1941  is  considered  strong 
evidence  that  Mollieneua  latipinna  was  introduced  shortly  before  this  date, 

Astyanax  fasciatus  mexicanm  (de  Filippi) 

Evermann  and  Kendall  (1894)  recorded  Tetragonopierus  argentatm 
(Baird  and  Girard)  from  the  following  locations:  Rio  Nueces;  Rio  Leona; 
Rio  Sabinal;  mouth  of  the  Rio  Grande,  Zoquito;  Comanche  Springs;  Elm 
Creek;  Turkey  Creek;  San  Felipe  Springs;  Devils  River;  Brownsville,  All 
of  these  records  are  from  the  Rio  Grande  and  Nueces  River  systems  of 
West  and  Southwest  Texas.  Jordan  and  Evermann  (1896)  limit  the  distri¬ 
bution  of  Tetragonopterus  argentatm  as  "southern  Texas  and  Mexico,  Rio 
Nueces,  Rio  Leona,  and  Rio  Grande) ;  also  recorded  probably  by  error, 
from  Arkansas  by  Le  Sueur.”  Hubbs  (1940)  recorded  Astyanax  fasciatus 
mexicanm  (Filippi)  from  Pena  Colorado  Creek  and  Tornillo  Creek  of  the 
Big  Bend  region  of  Texas.  The  earliest  collection  record  from  the  Museum 
of  Zoology,  University  of  Michigan,  for  the  Guadalupe  River  Basin  is  as 
follows: 

No.  120242.  San  Marcos  River,  just  below  head  spring  in  San 

Marcos,  Hays  Co.;  10  specimens,  3  8  to  51  mm.  long.  C.  L.  Hubbs 

and  party,  June  22,  193  8. 

The  earliest  collection  record  of  the  Agricultural  and  Mechanical  College 
of  Texas  for  the  Guadalupe  River  basin  is  as  follows: 

T.  A.  and  M..  Cat.  No.  M~l-a-3.;  13  spec,  from  San  Antonio 

River,  Bexar  Co.  by  K.  Bonham  and  C.  Reid  XI- 8 -40. 

Mr.  E.  E.  Shiner  of  San  Antonio,  Texas,  informed  the  author  that 
his  father  brought  some  Rio  Grande  tetras,  "monkey-face  shiners,”  from 
the  Rio  Grande  Valley  area  to  San  Antonio  in  1908.  He  raised  them  for 
some  time  and  placed  them  in  the  San  Pedro  Springs  and  Creek,  a  tributary 
of  the  San  Antonio  River. 

Mr.  Lucious  Parish,  former  superintendent  of  the  U.  S.  Fish  Cultural 
Station  at  San  Marcos,  Texas,  remembered  bringing  some  tetras  into  the 
San  Marcos  area  about  the  time  of  the  introduction  of  the  Rio  Grande 
perch  (1928-1930). 
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Rotenone  treatment  of  the  Comal  River  and  Springs  in  New  Braun¬ 
fels,  Texas  (Ball,  Brown,  and  Kuehne,  1952),  disclosed  that  no  tetras  were 
present  in  these  waters.  The  underground  water  supply  and  ecological  con¬ 
ditions  of  the  Comal  River  are  identical  with  those  of  the  San  Antonio  and 
San  Marcos  Rivers,  The  interrupted  distribution  pattern  of  the  tetra  is 
considered  to  be  due  to  the  lack  of  stocking  in  the  Comal  Springs. 

During  recent  years  bait  dealers  have  transported  many  tetras  from 
the  Devils  River  area  into  North  Central  and  Northeast  Texas.  Under  favor¬ 
able  temperature  conditions  it  is  possible  that  isolated  populations  may  be¬ 
come  established  in  these  areas. 

Herichfhys  c.  cyanogiittatiis  Baird  and  Girard 

The  Rio  Grande  perch,  being  the  only  recorded  member  of  a  tropical 
family  of  fishes  (Family  Cichlidae)  in  the  United  States,  is  most  common 
in  the  lower  reaches  of  the  Rio  Grande  River  in  both  Mexico  and  Texas. 
It  has  become  established  in  many  bodies  of  water  in  Texas  where  the 
Vv'^ater  temperature  does  not  drop  too  low  during  the  winter  months.  The 
minimum  temperature  tolerance  for  the  Rio  Grande  perch  in  the  Colorado 
River  at  Austin,  Texas,  was  found  to  be  between  14.2°  C.  and  19°  C., 
probably  closer  to  14.2°  C.  (Hubbs,  1951).  The  Rio  Grande  perch  has  be¬ 
come  well  established  in  the  upper  areas  of  the  San  Antonio,  San  Marcos, 
and  Comal  Rivers  and  is  also  present  in  the  Guadalupe  and  Colorado  Rivers. 
A  tremendous  population  of  stunted  Rio  Grande  perch  was  taken  from  the 
Comal  Springs  and  River  at  New  Braunfels  when  these  waters  were  treated 
with  rotenone  on  December  3  and  4,  1951  (Ball,  Brown,  and  Kuehne, 
1952).  This  was  an  indication  of  how  this  species  can  become  well  estab¬ 
lished  in  suitable  bodies  of  water  having  a  mild  temperature  and  good  food 
supply. 

Evermann  (  1  893  )  did  not  record  the  Rio  Grande  perch  as  occurring 
in  the  Comal,  San  Marcos,  and  San  Antonio  Rivers.  Evermann  and  Kendall 
(1894)  recorded  Heros  cyanoguttatus  (Baird  and  Girard)  only  from  the 
Rio  Grande  basin  at  the  following  locations:  fresh  water  at  Brownsville; 
lagoon  at  Fort  Brown,  Brownsville;  Matamoros;  San  Juan  River;  Cadereita, 
Nuevo  Leon;  Devils  River.  Jordan  and  Snyder  (1901)  recorded  Heros 
cyanoguttatiis  from  the  Rio  Panuco,  Rio  Tamesoe  and  lagoons  near  Tampico 
in  Mexico.  Evermann  and  Goldsborough  (1902)  listed  Heros  cyanoguttatiis 
from  Montecristo  in  southern  Mexico.  Jordan  and  Evermann  (1902)  limit 
the  Rio  Grande  perch  in  the  following  quotation.  "The  genus  Heros  also 
contains  many  species,  about  2  5  being  within  our  limits,  occupying  the  same 
waters  as  the  species  of  Cichlasoma.  Only  one,  H.  cyanoguttatiis^  is  found 
as  far  north  as  the  Rio  Grande,  this  species  having  been  taken  at  Browns¬ 
ville,  Texas.”  Meek  (1904),  in  describing  the  fishes  of  Mexico,  gives  the 
following  distribution  for  Cichlasoma  cyanoguttatiis  (Baird  and  Girard): 
Atlantic  coast  rivers  from  Texas  to  the  Rio  Panuco  and  Tabasco  in  Mexico. 

The  records  of  the  San  Marcos  Station  of  the  U.  S.  Fish  and  Wildlife 
Service  disclosed  the  first  introduction  of  the  Rio  Grande  perch  into  the 
Guadalupe  River  basin.  An  entry  in  the  Annual  Report  of  the  station  for 
192  8  reads  as  follows:  "This  is  a  species  of  perch  found  in  the  lower  Rio 
Grande  River  and  in  the  irrigating  canals  pumped  from  the  Rio  Grande 
River  near  Mission,  Texas  ...  A  number  of  adult  fish  were  collected  and 
brought  to  San  Marcos  .  .  .  Apparently  we  will  have  a  number  of  finger- 
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lings  with  the  object  of  trying  out  and  seeing  what  results  can  be  obtained 
towards  utilizing  this  perch  for  a  pond  fish.”  The  Daily  Record  Book  of  the 
station  for  the  years  1928-1929  show  the  following  notations  in  regards  to 
the  above  introduction.  March  22,  1928:  "Parish  patching  seines  and  putting 
up  12  cans  of  fish  which  Kirby  is  taking  to  Mission  to  exchange  for  Rio 
Grande  perch.”  March  2  5,  1928:  "Kirby  returned  from  Mission  at  9:24 
pm  with  about  200  Rio  Grande  perch  for  brood  (fish).”  Available  Annual 
Reports  of  the  station  indicate  that  the  Rio  Grande  perch  was  raised  at  the 
station  and  distributed  from  1928  through  1941  and  perhaps  until  1943. 
Adult  brood  fish  and  fingerlings  were  also  transferred  to  the  Fort  Worth, 
Texas,  Station  as  indicated  by  the  following  quotations  from  the  Annual 
Reports  of  the  Fort  Worth  Station.  1931:  "This  fish  although  introduced 
into  a  much  colder  and  severer  environment  than  its  native  habitat,  appears 
to  have  accepted  the  changed  conditions.  A  stock  was  transferred  in  the 
spring  of  last  year  from  the  San  Marcos  station  and  placed  in  the  pond  with 
warmouth  bass  and  bream.  The  collection  of  this  species  in  the  fall  amounted 
to  29,000  fingerlings.”  However  the  brood  fish  did  not  live  in  the  colder 
water  at  the  Fort  Worth  Station,  as  may  be  noted  in  the  following  quota¬ 
tion.  1932:  "It  is  apparently  too  far  north  for  this  species  as  the  brood 
stock  will  not  survive  the  winters.  A  supply  of  6,600  fingerlings  was  trans¬ 
ferred  from  San  Marcos  to  fill  applications  calling  for  this  fish.” 

The  above  citations  point  to  the  fact  that  the  Rio  Grande  perch  was 
not  native  to  the  river  systems  of  the  Guadalupe  River  basin,  but  was  first 
introduced  in  1928  by  the  U.  S.  Fish  Cultural  Station  at  San  Marcos,  Texas, 
and  established  populations  when  planted  in  suitable  waters. 

Ambloplites  r.  rupestris  (Rafinesque) 

The  northern  rock  bass  is  rather  common  in  the  upper  reaches  of  the 
San  Marcos  River  and  has  been  collected  by  the  author  in  the  Comal  Springs 
at  New  Braunfels.  Rock  bass  also  occur  in  other  cool,  clear  waters  of  the 
state,  especially  in  the  Kerrville,  Texas,  area. 

Surveys  by  Evermann  (  1893  )  and  Evermann  and  Kendall  (1894) 
failed  to  list  the  rock  bass  as  occurring  in  Texas.  Jordan  and  Evermann 
(1896)  list  the  rock  bass  as  occurring  from  Vermont  to  the  Great  Lakes 
region  and  Manitoba  and  south  to  Louisiana.  The  Louisiana  and  Mississippi 
variety  of  rock  bass  has  been  described  as  Ambloplites  ariommus  Viosca 
(Vicsca,  193  6).  The  first  written  records  of  the  rock  bass  in  Texas,  as 
found  by  the  author,  are  those  of  the  U.  S.  Fish  Cultural  Station  at  San 
Marcos,  Texas.  The  station  was  under  construction  in  1896  and  began  dis¬ 
tribution  of  fishes  in  1897,  as  indicated  by  the  Daily  Record  Book  of  the 
station  for  1896-1898.  The  first  report  of  rock  bass  is  a  notation  in  the 
Daily  Record  Book  for  the  years  1896-1898.  This  notation  (August  23, 
1897)  reads  as  follows:  "Made  shipment  of  Black  bass  850.  and  our  first 
shipment  of  Rock  bass  300.”  No  mention  is  made  of  where  the  rock  bass 
were  secured.  The  brood  stock  of  black  bass,  crappie,  and  catfish  were  taken 
from  local  waters  as  recorded  in  many  instances.  The  following  is  recorded 
in  the  Daily  Record  Book  for  1898-1900.  December  10,  1898.  "Car  No.  2 
.  .  .  arrived  during  the  early  part  of  the  night  bringing  6000  Rock  bass 
for  distribution  100  Black  bass  and  10  adult  Calico  Bass  and  10  adult  Rock 
bass.  These  20  fish  for  breeding.  All  brought  from  Neosho,  Mo.  Station.” 
It  is  assumed  that  the  first  rock  bass  mentioned  also  came  from  the  Neosho, 
Missouri  Station. 
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During  1897  and  1898  rock  bass  were  stocked  locally  and  shipped  to 
diverse  regions  of  Texas  {Daily  Record  Book,  1896-1898).  All  available 
Annual  Reports  of  the  San  Marcos  Station  indicate  that  rock  bass  were  raised 
and  distributed  from  1897  through  1932.  They  were  again  raised  and  dis¬ 
tributed  from  1939  through  1944,  but  have  not  been  raised  since  this  time 
at  the  station.  In  1931  and  1932,  1,550  and  1,6  50  rock  bass,  respectively, 
were  transferred  from  the  San  Marcos  Station  to  the  Fort  Worth  Station 
for  distribution.  The  following  notation  was  made  in  regard  to  the  rock 
bass  in  the  San  Marcos  River  {Annual  Report,  1928).  "There  is  no  better 
pan  fish  than  the  Rock  bass  when  properly  cooked,  yet  in  this  section  while 
we  find  in  the  San  Marcos  River  and  other  streams  fine  specimens  of  Rock 
Bass,  they  do  not  reproduce  in  large  numbers  in  ponds  as  they  should  in  our 
opinion.”  As  early  as  1910  the  habitat  requirements  of  the  rock  bass  in 
Texas  waters  were  noted  {Annual  Report,  1910).  "...  however  we  dis¬ 
tributed  3,275  of  this  fine  fish  for  deep  clear  and  cold  waters.  I  have 
reached  the  conclusion  that  for  the  warm  waters  of  south  and  southwest 
Texas,  that  it  is  not  a  suitable  fish  and  will  not  recommend  it  except  for 
deep  clear  waters.” 

The  State  F'ish  Hatchery  at  Ingram,  near  Kerrville,  Texas,  has  raised 
and  stocked  rock  bass  for  a  number  of  years.  The  State  Fish  Hatchery  at 
San  Marcos,  Texas,  securing  its  brood  fish  from  the  Ingram  Hatchery  and 
the  San  Marcos  River,  has  raised  and  distributed  rock  bass  in  suitable,  local 
waters  since  it  began  operation  in  1948, 

After  examining  the  above  literature,  it  seems  apparent  that  the  rock 
bass  was  first  introduced  into  Texas  in  1897  by  the  U.  S.  Fish  Cultural 
Station  at  San  Marcos,  Texas,  and  established  itself  in  the  swifter,  clearer, 
and  cooler  waters  where  a  suitable  habitat  was  found. 

CONCLUSIONS 

Dio  ltd  a  ephcopa  couchi  Girard  is  considered  as  an  endemic  species  in 
the  major  spring  areas  of  the  Guadalupe  River  Basin  of  Texas.  Mollienesia 
latipinna  LeSueur,  Astyanax  fasciatus  mexicanus  (de  Filippi),  Herichthys 
(\  cyanoguttatus  Baird  and  Girard,  and  Arnbloplites  r.  rupestris  (Rafinesque) 
are  considered  to  be  introduced  species  in  this  area  in  light  of  information 
collected  in  this  paper. 
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A  NEW  MINNOW,  NOTROPIS  BAIRDI  BUCCULA, 
FROM  THE  BRAZOS  RIVER,  TEXAS 


FRANK  B.  CROSS 

University  of  Kansas  Museum  of  Natural  History 

Notropis  hairdi  Hubbs  and  Ortenburger  has  been  known  only  from 
the  Red  River  System,  Oklahoma  and  Texas  (Hubbs  and  Ortenburger, 
1929:  29-3  2  [Orig.  descr.],  Hubbs  and  Bonham,  19S1:  102).  It  is  one  of 
the  most  abundant  minnows  in  the  western  part  of  the  Red  River  Basin, 
living  in  the  broad,  shallow  channels  of  the  mainstream  and  principal  tribu¬ 
taries,  where  the  streambeds  are  composed  mostly  of  shifting  sand.  An  allied 
species,  Notropis  girardi  Hubbs  and  Ortenburger,  occurs  in  similarly  great 
abundance  in  the  same  types  of  habitats  in  the  Arkansas  River  System,  the 
drainage  basin  immediately  north  of  the  Red  River  System.  N .  girardi,  like 
N.  hairdi,  has  seemed  to  be  endemic  to  a  single  stream  system.  The  two  spe¬ 
cies  have  been  regarded  (Hubbs  and  Ortenburger,  1929,  and  Hubbs  and 
Bonham,  1951)  as  cognates  of  the  little-known  Notropis  sabinae  Jordan 
and  Gilbert,  which  occurs  in  the  Sabine  River  in  east  Texas  and  perhaps 
elsewhere.  In  the  following  account  a  series  of  fish  from  the  Brazos  River, 
Texas,  thought  to  represent  a  new  subspecies  of  Notropis  hairdi,  is  described; 
and  evidence  is  presented  that  AT.  sabinae  does  not  belong  to  the  same  species- 
group  as  N .  hairdi  and  N.  girardi. 

NOTROPIS  BAIRDI  BUCCULA  new  subspecies 

HOLOTYPE. — -Adult  $  ,  K.U.  No.  2642  (Fig.  1,  41.3  mm.  in  stand¬ 
ard  length,  obtained  by  G.  A.  Moore  and  F.  B.  Cross  in  the  Brazos  River 
where  it  is  crossed  by  U.  S.  Highway  281  approximately  7  miles  south  of 
Mineral  Wells,  Palo  Pinto  Co.,  Texas. 

PARATYPEs. — Thirteen  adults,  K.U.  No.  23  18,  3  5.3-43.5  mm.  in 

standard  length,  collected  with  the  holotype. 

CHARACTERS.- — Pharyngeal  teeth  0, 4-4,0;  squamation  of  nape  and  breast 
Incomplete;  lateral-line  scales  3  3-37,  av.  34.4;  scales  around  body  imme¬ 
diately  in  front  of  dorsal  and  pelvic  fins  2  5-3  0,  av.  27.8;  head  length  in 
standard  length  3. 5 -3. 8,  av.  3.7;  greatest  depth  of  body  in  standard  length 
3. 9-4. 7,  av.  4.3;  orbital  diameter  in  head  length  3. 6-4. 2,  av.  3.8;  snout 
length  about  1.2  times  orbital  diameter  and  equal  to  or  greater  than  dis¬ 
tance  from  anterior  tip  of  lower  jaw  to  posterior  tip  of  maxillary;  principal 
dorsal  fin-rays  8;  principal  caudal  fin-rays  19;  principal  anal  fin-rays  7; 
pelvic  fin-rays  8;  pectoral  fin-rays  14-16,  usually  15. 

COMPARISONS. — N.  h.  buccnla  differs  from  N.  b.  hairdi  (Fig,  2)  chiefly 
in  having  a  longer  snout,  a  smaller  mouth,  and  a  lesser  head  depth.  These 
differences  can  be  expressed  by  a  variety  of  proportional  measurements, 
some  of  which  are  included  in  Table  1.  They  support  the  expectation  that 
at  least  75  per  cent  of  specimens  of  N.  hairdi  can  be  identied  to  subspecies. 
N .  h.  hucciila  also  is  somewhat  slenderer  and  more  streamlined  than  N.  b. 
hairdi,  which  Hubbs  and  Ortenburger  (1929)  described  as  "chubby”.  The 
term  fits  the  typical  subspecies  well,  but  is  less  appropriate  for  the  sub- 
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species  that  inhabits  the  Brazos  River.  In  N.  b.  bticctda  the  dorsal  contour  of 
the  head  is  more  nearly  flat,  and  less  abruptly  decurved  before  the  nostrils, 
than  in  N.  b.  bairdi.  The  length  of  the  opercle  is  less  than  half  the  length 
of  the  rest  of  the  head  (from  tip  of  snout  to  posterior  margin  of  pre- 
opercle)  in  N .  b.  bjicctda,  but  usually  more  than  half  this  length  in  N,  b. 
bairdh  The  mouth  is  more  nearly  horizontal  in  N .  b.  bucctda.  The  width 
of  the  gape  is  usually  less  than  the  orbital  diameter  in  N.  b.  buccula,  but 
greater  than  the  orbital  diameter  in  N.  b.  bairdi.  The  lips  usually  terminate 
before  the  anterior  margin  of  the  orbit  in  A/,  b.  bucctda,  whereas  in  N .  b. 
bairdi  they  usually  extend  beyond  the  vertical  from  the  anterior  margin 
of  the  orbit.  This  last  difference  is  due  partly  to  elongation  of  the  con¬ 
joined  lips  at  the  corners  of  the  mouth  in  N.  b.  bairdi,  involving  the  same 
regions  which  have  given  rise  to  the  secondary  pair  of  barbels  in  represen¬ 
tatives  of  Hybopsis  aestivalis  (Girard)  from  the  Red  River  and  Arkansas 
River,  and  to  the  transitory  barbels  developed  by  breeding  males  of  Pime~ 
phales  notatus  (Rafinesque) .  Hubbs  and  Ortenburger  (1929:  24-25)  sug¬ 
gested  that  the  second  pair  of  barbels  in  Jf,  aestivalis  constitute  an  adapta¬ 
tion  to  exceptionally  silty  water,  as  a  sensory  structure  compensating  for 
reduced  vision.  N.  b.  bairdi  may  show  a  tendency,  not  shared  by  N,  b. 
bucctda,  toward  the  same  modification. 

Pigmentation  of  the  two  subspecies  is  similar,  except  that  in  N.  b. 
bairdi  the  posterior  section  of  the  dorsal  stripe,  atop  the  caudal  peduncle, 
is  somewhat  broader  and  more  clearly  defined  than  in  N.  b.  bucctda.  Both 
subspecies  are  pallid.  The  dorsolateral  scales  are  moderately  well  outlined 
by  melanophores,  and  often  bear  one  or  more  additional  large  melapophores 
near  the  apex  of  each  scale  pocket.  Individuals  in  which  these  large  mela¬ 
nophores  are  well  developed  appear  regularly  dotted  in  dorsal  aspect.  Both 
subspecies  have  a  concentration  of  melanophores  along  the  lateral  line,  espe¬ 
cially  anteriorly,  where  the  diffuse  lateral  band  is  broadened  and  its  pig¬ 
ment  intensified,  giving  the  sides  of  the  abdomen  a  checkered  appearance. 

Secondary  sexual  characteristics  of  the  two  subspecies  are  nearly  iden¬ 
tical,  as  discussed  under  Notropis  sabinae,  below. 

N.  b,  bucctda  agrees  with  N .  b.  bairdi  in  characters  previously  used  to 
distinguish  bairdi  from  N.  girardi.  N.  girardi  has  the  breast  and  nape  fully 
scaled  (both  partly  naked  in  the  subspecies  of  bairdi)  and  usually  has  8 
anal  rays  (7  in  bairdi).  The  fins  are  larger  in  girardi,  and  are  falcate 
(rounded  in  bairdi).  In  girardi  the  head  length  contains  the  length  of  the 
depressed  dorsal  fin  0.95-  1.16  (av.  1.02)  times,  and  the  length  of  the 
pectoral  fin  0.97  -  1.16  (av.  1,04)  times,  whereas  in  N.  b.  bucctda  these 
ratios  are,  respectively,  1.16-  1.29  (av.  1.21)  and  1.11  -  1.29  (av.  1.20). 
Other  differences  between  bairdi  and  girardi  can  be  seen  in  Table  IL  Direct 
relationship  of  bucctda  with  girardi  is  improbable  on  a  geographic,  as  well 
as  a  morphological,  basis,  inasmuch  as  their  ranges  are  wholly  isolated  by 
the  intervening  range  of  N.  b.  bairdi  in  the  Red  River. 

Although  Notropis  sabinae  has  been  regarded  as  a  cognate  of  bairdi  and 
girardi,  Dr.  Carl  L.  Hubbs  and  I  concluded  after  a  recent  comparison  of 
the  three  species  that  this  close  relationship  probably  does  not  exist.  N. 
sabinae  is  distinctive  in  a  number  of  respects,  of  which  secondary  sexual 
characteristics  are  perhaps  most  significant.  Neither  bairdi  nor  girardi  de¬ 
velops  breeding  tubercles  on  the  head,  but  nuptial  males  of  sabinae  have 
the  fleshy  snout  armed  with  unusually  strong  tubercles,  and  bear  smaller 
tubercles  on  the  preorbitals,  the  suborbitals,  the  mandibles,  and  the  lower 


ComparisoQ  of  proportional  measurements  of  Notropis  bairdi  buccula  and  N.  h.  hairdi  (below  and  in  parentheses). 

Values  for  N.  b.  buccula  are  from  holotype  and  13  paratypes;  values  for  N.  b.  bairdi  are  from  31  specimens  representing  three 
localities  and  having  approximately  the  same  size-range  and  average  size  as  the  N.  h.  buccula. 
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TABLE  II 

Proportional  Measurements,  Expressed  as  Thousandths  of  the  Standard  Length,  for 
Notropis  bairdi  buccula,  N.  b.  bairdi,  N.  girardi,  and  N.  sabinae.  The  Mean 
Value  for  Each  Character  is  Subtended  by  the  Range. 


N.  b.  buccula 

N.  b.  bairdi 

N.  girardi 

N.  sabinae 

Number  specimens 

14 

10  1 

20  1 

4 

Standard  length,  mm. 

38.4 

35.3  -  43.5 

45.1 

38.5-61.5 

38.6 

34.6-46.5 

32.3 

30.2  -  34.8 

Predorsal  length 

513 

492  -  535 

528 

499-541 

500 

478  -  540 

495 

487  -  505 

Dorsal  origin  to  caudal 
base 

521 

505-538 

510 

500-526 

536 

488  -  561 

541 

536-546 

Prepelvic  length 

521 

496  -  546 

528  1 

517  -  543  ! 

490 

470  -  520 

495 

480  -  505 

Pelvic  insertion  to  caudal 

base 

503 

486  -  516 

490 

476-  507 

523 

495-551 

522 

517-529 

Caudal  peduncle,  length 

216 

201  -  229 

217  i 

195-234  1 

223 

208-253 

21A 

258-287 

Caudal  peduncle,  depth 

117 

110  -  123 

109  1 

103-117  1 

111 

106-  118 

130 

129-132 

Body  depth 

232 

214-254 

255 

218-293 

241 

209  -  284 

262 

246-273 

Body  width 

169 

158-  177 

180 

155-203 

158 

128-180 

176 

157-189 

Head  length 

273 

263-288 

282 

271-298 

254 

244-275 

293 

283-298 

Head  depth 

169 

159-177 

184 

174-  195 

163 

152  -  173 

181 

180-182 

Snout  to  opercle 

190 

184-  199 

182 

166-  190 

174 

160-  182 

206 

203  -  209 

Opercle  length 

091 

085  -  096 

106 

095  -  114 

091 

084-  103 

093 

086  -  096 

Snout  length 

089 

078  -092 

084 

080-091 

073 

066  -  079 

098 

093  -  101 

Orbit  length 

073 

066  -  079 

067 

062  -  072 

070 

064  -  075 

082 

080  -  083 

Tip  mandibles  to 
isthmus 

174 

166  -  184 

164 

154-  173 

158 

146-  168 

158 

149  -  164 

Tip  mandibles  to  tip 
maxilla 

083 

077  -  089 

100 

090  -  106 

085 

078  -092 

095 

092  -  099 

Gape  width 

070 

065  -075 

084 

073  -  101 

070 

064  -081 

081 

077  -  086 

Interorbital  width 

091 

087  -  095 

093 

086  -  106 

091 

082  -  099 

- 
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part  of  the  cheeks.  Females  of  sabinae  also  develop  small  tubercles  during 
the  breeding  season,  as  is  frequently  the  case  in  species  whose  males  are 
strongly  tuberculate. 

On  the  upper  sides  of  the  pectoral  fins,  which  are  the  only  tuberculate 
parts  in  bairdi  and  girardi,  males  of  sabinae  develop  peculiar  elongate,  dense, 
swollen  masses  of  minute  tubercles,  several  rows  wide,  along  the  axes  of 
the  anterior  rays.  In  bairdi  (both  subspecies)  tubercles  occur  in  one  or  two 
rows  on  the  second  through  the  sixth  pectoral  rays.  The  first  (anterior 
marginal)  ray,  all  rays  posterior  to  the  sixth,  and  the  branched  distal  ends 
of  the  second  to  sixth  rays  usually  are  devoid  of  tubercles.  Pectoral  tubercles 
of  girardi  are  more  scattered,  best  developed  on  the  anterior  (including  the 
marginal)  rays  where  they  usually  are  aligned  in  2  to  4  rows,  but  they 
occur  also  on  rays  posterior  to  the  sixth  and  extend  onto  the  distal  branches 
of  the  rays. 

N.  sabinae  can  be  separated  readily  from  bairdi  and  girardi  on  the 
basis  of  proportional  measurements.  Following  are  five  characters  (all  pro¬ 
jections  into  standard  length)  whose  maximal  values  in  sabinae  (listed  after 
each  character)  exceed  the  minimal  values  in  girardi  or  either  subspecies 
of  bairdi:  caudal  peduncle  length,  3.9;  caudal  peduncle  depth,  7.8;  distance 
from  tip  of  snout  to  posterior  margin  of  preopercle,  4.9;  snout  length, 
10.8;  orbit  length,  12.5.  These  and  several  other  dimensions  which  yield 
good  average  differences  (Table  IT)  reflect  the  short,  chunky  proportions 
of  the  midsection  of  the  body  of  sabinae  which,  by  comparison  with  bairdi 
and  girardi,  make  the  head  and  postanal  regions  seem  disproportionately 
large. 

The  groove  along  the  anterior  margin  of  the  preorbital  bone  is  well 
developed  in  sabinae,  but  absent  in  bairdi  and  girardi.  The  scales  are  large 
and  markedly  elevated  in  sabinae  (32-3  3  in  lateral  line,  21-23  around  body 
in  front  of  dorsal  and  pelvic  fins,  12  around  peduncle),  but  smaller  and 
rounded  in  bairdi  and  girardi  (3  3-37  in  lateral  line,  2  5-30  around  body  in 
front  of  dorsal  and  pelvic  fins,  16  around  caudal  peduncle).  The  mouth 
is  larger  and  decidedly  more  ventral  in  sabinae  than  in  the  other  two  species. 

Of  the  species  with  which  it  occurs  in  the  Brazos,  N .  b.  bnccula  most 
closely  resembles  Notropis  potteri  Hubbs  and  Bonham.  Most  of  the  char¬ 
acters  used  by  Hubbs  and  Bonham  (1951)  for  distinguishing  bairdi  of  the 
Red  River  from  potteri,  and  also  from  Notropis  blennius  (Girard),  work 
satisfactorily  in  separating  N .  b.  bticcula  from  potteri.  N.  b.  bncctda  agrees 
with  N.  b.  bairdi  in  several  of  these  characters:  in  the  number  of  pharyngeal 
teeth,  in  the  strength  of  the  pharyngeal  arches,  in  the  width  across  these 
arches,  in  the  squamation  of  the  nape  and  breast,  in  the  length  and  shape 
of  the  scales  (2  characters),  in  the  marginal  curvature  of  the  upper  and 
lower  lips  (3  characters),  and  in  pigmentation  (6  characters) — a  total  of 
1 5  characters.  N .  b.  buccula  approaches  potteri  in  the  ratios  of  body  depth 
to  standard  length,  head  depth  to  head  length,  length  of  the  conjoined  lip 
to  length  of  the  pupil,  and  in  the  straighter  margin  of  the  head  and  the 
position  of  the  end  of  the  gape— --a  total  of  5  characters.  N .  b.  buccula  is 
extreme  in  having  the  mouth  more  nearly  horizontal,  with  the  front  of  the 
upper  lip  at  a  lower  level  relative  to  the  lower  margin  of  the  orbit,  than 
either  potteri  or  N .  b.  bairdi.  The  actual  size  of  the  mouth  is  also  smaller 
in  N.  b.  buccula  than  in  the  other  two  forms.  Parallelism  in  prolongation 
of  the  head  would  account  for  most  of  the  similarities  between  N.  b.  buccula 
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and  N,  potterL  The  combination  of  characters  of  the  types  of  N.  b.  buccula 
does  not  conform  to  the  pattern  which  would  be  expected  of  hybrids  be¬ 
tween  pGtferi  and  bairdi. 

DISCUSSION. — bb .  b.  buccula  resembles  N.  b.  bairdi  more  closely  than 
the  cognate  species  bairdi  and  girardi  resemble  each  other.  AT,  sabinae  is  so 
distinctive  that  it  no  longer  is  thought  to  be  closely  related  to  bairdi  and 
girardi,  but  probably  has  affinity  instead  with  species  occurring  farther 
east.  The  rather  minor  distinctions  of  buccula  from  bairdi  suggest  that  dif¬ 
ferentiation  is  incomplete.  Conceivably  the  differences  are  under  purely  en¬ 
vironmental  control,  and  lack  genetic  fixity.  If  this  should  eventually  be 
demonstrated,  it  might  be  concluded  that  N.  bairdi  only  recently  became 
established  in  the  Brazos  River  through  introduction  of  bait  minnows  from 
the  Red  River.  Hubbs  and  Bonham  (1951)  postulate  that  the  occurrence 
in  the  Red  River  of  N .  potferi,  otherwise  known  only  from  the  Brazos,  re¬ 
sulted  from  the  escape  of  bait  minnows  seined  in  the  Brazos  and  sold  at 
Lake  Texoma,  on  the  Red  River.  Mr,  Ed.  Bonn,  Biologist  at  Lake  Texoma 
for  the  Texas  Game,  Fish  and  Oyster  Commission,  has  informed  me  that 
many  minnow  dealers  at  Lake  Texoma  obtain  their  stock  from  the  Brazos 
River,  A  parallel  situation  provides  opportunity  for  transfer  of  bairdi  from 
the  Red  River  to  the  Brazos.  The  angling  popularity  of  Possum  Kingdom 
Lake,  a  large  impoundment  on  the  upper  Brazos  River,  invites  such  intro¬ 
ductions,  both  by  minnow  dealers  who  find  the  adjoining  Red  River  System 
a  convenient  source  of  stock,  and  by  individual  fishermen  living  within 
the  Red  River  Basin  who  obtain  bait  near  their  homes  before  driving  to 
Possum  Kingdom.  Many  anglers  from  northwest  Texas  and  southwest 
Oklahoma,  within  the  Red  River  Basin,  fish  in  Possum  Kingdom  Lake 
extensively. 

As  evidence  that  N.  potteri  is  not  native  to  the  Red  River,  Hubbs  and 
Bonham  state  that  several  collections  made  in  that  stream  since  1948  have 
included  this  species,  whereas  "myriads”  of  previous  collections  failed  to 
do  so.  These  authors  found  no  apparent  morphological  differences  between 
specimens  from  the  Red  and  Brazos  Rivers,  On  the  other  hand,  the  upper 
Brazos  River  has  been  investigated  much  less  thoroughly  than  the  Red 
River,  and  the  presence  of  bairdi  there  might  understandably  have  gone  un¬ 
detected.  Furthermore,  morphological  differences  are  evident,  and  it  is  rea¬ 
sonable  to  assume  that  they  have  evolutionary  significance.  The  faunas  of 
adjacent  sections  of  the  Red  and  Brazos  Rivers  are  somewhat  distinctive. 
Excluding  iV.  potteri  and  A.  bairdi,  I  have  knowledge  of  the  occurrence 
of  16  additional  fishes,  species  and  subspecies,  at  or  near  the  locality  wheie 
iV.  b.  buccula  was  obtained.  Of  these,  8  are  found  in  the  Red  River,  and  8 
either  are  restricted  to,  or  reach  the  northern  limits  of  their  ranges  in,  the 
Brazos  River.  Three  of  the  latter  are  only  subspecifically  distinct  from  fishes 
which  occur  in  the  Red  River. 

On  the  basis  of  the  available  evidence,  I  conclude  that  the  population 
of  Notropis  bairdi  in  the  Brazos  is  not  attributable  to  recent  introduction 
of  the  species  as  a  bait  minnow,  but  that  N.  bairdi  is  endemic  there. 

REMARKS  AND  ACKNOWLEDGMENTS. — The  name  buccula  (Latin  mean¬ 
ing  "a  little  mouth  ”)  is  used  as  a  substantive  in  apposition  with  Notropis. 
The  smaller  mouth  of  N.  b.  buccula,  especially  as  compared  with  the  length 
of  the  snout,  is  the  most  distinctive  feature  separating  this  subspecies  from 
N .  b.  bairdi.  The  mouth  is  not,  however,  so  small  as  in  some  other  species 
of  Notropis. 
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I  am  indebted  to  Dr,  George  A.  Moore  of  the  Oklahoma  Agricultural 
and  Mechanical  College,  Department  of  Zoology,  for  assistance  in  making 
the  original  collection  of  N.  b.  buccula,  for  the  loan  of  comparative  ma¬ 
terials,  and  for  helpful  suggestions;  to  Dr.  Reeve  M.  Bailey  of  the  Univer¬ 
sity  of  Michigan  Museum  of  Zoology  for  the  loan  of  comparative  materials; 
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COMPARATIVE  MATERIAL  EXAMINED 

Notroph  b.  bairdi:  K.U.  No.  2442,  162  specimens,  17-29  mm.  stand¬ 
ard  length,  Okia.,  Cotton  Co.,  Red  River  on  U.  S.  Highways  277  and  281 
east  of  Burkburnett,  April  10,  1952;  K.U.  No.  2643,  60  specimens,  23.8- 
41.1  mm.,  Okla.,  Greer  Co'.,  Elm  Fork  of  Red  River  north  of  Reed,  Sec. 
25,  T.6N.,  R.24W.,  April  10,  1950;  OAM  No.  1644,  2  specimens,  37.7- 
37.8  mm.,  Okla.,  Harmon  Co.,  Red  River  17  miles  south  of  Hollis,  Dec. 
24,  1940;  OAM  No.  1910,  2  specimens  (paratypes),  30.0-52.0  mm.,  Okla,, 
Harmon  Co.,  Red  River  17  miles  south  of  Hollis,  Dec.  29,  1940;  OAM  No. 
3  369,  11  specimens,  28.0-40.5  mm.,  Okla.,  Choctaw  Co.,  Red  River  (on 
U.  S.  Highway  271  north  of  Paris,  Texas,  March  28,  1947;  U.M.M.Z.  No. 
110016,  10  specimens,  3  8.5-61.5  mm.,  Okla.,  Red  River,  Harmon  Co., 
June  20,  1932. 

Notroph  girardi:  K.U.  No.  23  3  0,  23.0-40.5  mm.,  Okla.,  South  Canad¬ 
ian  River  on  Cleveland  Co.-McClain  Co.  line,  U.  S.  Highways  62  and  277 
near  Nev/castle;  K.U.  No.  2016,  37  specimens,  15.0-32.0  mm.,  Okla., 
Beaver  Co,,  North  Canadian  River,  sec.  28,  T.4N.,  R.28E.;  K.U.  No'.  2651, 
Kansas,  Finney  Co.,  Arkansas  River,  sec,  7  and  18,  T.24S.,  R.3  3W. 

Notroph  potteri:  K.U.  No.  2317,  3  specimens,  3  5.0-50,0  mm.,  Texas, 
Palo  Pinto  Co.,  Brazos  River  approx.  7  miles  south  Mineral  Wells,  April 
14,  1952. 

Notroph  sabinae:  U.M.M.Z.  No,  167106,  4  specimens,  30.0-34.7  mm., 
Texas,  Sabine  River,  Upshur  and  Smith  Cos.,  2  mi.  south  of  Big  Sandy, 
Aug.  19,  1940. 
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ON  THE  UPTAKE  OF  ORGANIC  IODINE  COMPOUNDS  BY 
THE  KIDNEYS  OF  SOME  MARINE  FISHES^ 


P.  K.  KNOEFEL  AND  JANE  TELFORD 
School  of  Medicine 
University  of  Louisville 

C.  A.  HANDLEY 
Baylor  College  of  Medicine 


From  the  Marine  Laboratory,  Texas  Game  and  Fish  Commission,  Rockport,  Texas 


The  renal  tubule  has  the  property  of  transferring  certain  substances 
from  blood  plasma  to  urine,  developing  a  higher  concentration  therein.  The 
nature  of  the  mechanism  and  the  physical  and  chemical  properties  required 
of  substances  so  transferred  are  not  well  understood,  in  spite  of  their  im¬ 
portance  in  such  practical  problems  as  the  excretion  from  the  body  of 
foreign  substances,  and  the  use  of  radiopaque  diagnostic  agents  for  excre¬ 
tory  urography. 

Recently  Forster  (1)  and  Forster  and  Taggart  (2)  have  described  the 
use  of  fish  kidney  to  demonstrate  the  transport  of  phenol  red  from  the  sur¬ 
rounding  fluid  medium  to  the  lumen  of  the  renal  tubule.  This  procedure 
has  the  advantage  of  requiring  small  amounts  of  substance,  and  if  it  were 
made  quantitative,  might  serve  for  the  comparison  of  compounds.  In  addi¬ 
tion,  the  use  of  the  aglomerular  kidney  of  certain  fish  would  provide  purely 
a  tubular  mechanism. 


EXPERIMENTS 

The  kidneys  of  specimens  of  three  marine  teleosts  surviving  in  the  lab¬ 
oratory  were  removed,  teased  into  small  fragments,  and  placed  in  beakers 
containing  oxygenated  Ringer’s  solution  (2)  containing  the  compounds  to 
be  studied  in  concentrations  close  to  lO""^  molar.  After  2  hours,  the  tissue 
was  removed,  blotted,  weighed,  and  analyzed,  as  was  a  sample  of  the  fluid. 
When  p-aminohippuric  acid  was  studied,  the  tissue  was  ground  in  water 
with  a  Potter-Elvehjem  homogenizer,  an  equal  volume  of  10%  trichloracetic 
acid  added,  and  the  filtrate  analyzed  by  the  usual  procedure  ( 3 ) .  Tissues 
were  prepared  for  analysis  of  iodine  compounds  by  alkaline  ashing  (4) ; 
solutions  were  subjected  to  zinc  and  alkali  ( 5 ) .  The  resulting  solutions  were 
adjusted  in  pH,  treated  with  bromine  (6),  followed  by  formate,  and  the 
iodine  titrated  with  thiosulfate.  Blank  determinations  on  tissues  were  small, 
and  have  been  ignored  in  the  calculations.  The  amount  of  substance  per 
gram  of  tissue  was  divided  by  the  amount  per  ml  of  medium,  to  give  a 
ratio.  If  this  is  substantially  greater  than  unity,  "uptake”  is  considered  to 
have  taken  place. 


’  Supported  in  part  by  a  grant  from  the  Eastman  Kodak  Company,  Rochester,  New 
York. 
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TABLE  I 


WEIGHT  OF  BODY  AND  KIDNEYS  OF  SOME 

marine  fish 

Name  of  Fish 

Number 
of  Specimens 

Average 

Body  Weight 
grams 

Weight  of 
Kidney 
percentage  of 
body  weight 

Catfish 

Galeichthys  feiis 

6 

166 

1.06 

Flounder 

Ancylopsetta  qiiadroceilata 

1 

84 

0.28 

Toadfish* 

Opsanus  tau 

6 

69 

0.46 

Midshipman* 

Porichthys  porosissimus 

1 

68 

0.47 

Torpedo 

Narcioe  braziliensis 

1 

148 

0.16 

Shark 

Scoliodon  terranovae 

3 

472 

0.40 

Shark  Sphyrna  tiburo 

*  Aglomerular 

4 

740 

0.34 

TABLE  II 

UPTAKE  OF  P-AMINOHIPPURATE  FROM  A  10“"  MOLAR  SOLUTION,  CONTAINING 

AS  ADDITIONS,  10“^  MOLAR  ACETATE,  LACTATE,  AND  SUCCINATE. 

Additional  Subtrate 

Concentration  Ratio 

Tissue/Medium 

Catfish 

Toadfish 

Flounder 

Succinate 

0.5 

1.7 

None 

1.5 

2.9 

4.3 

Acetate 

1.4 

2.4 

3.1 

Lactate 

1.0 

2.5 

RESULTS 

It  became  apparent  that  the  three  fish  used,  catfish,  toadfish,  and 
flounder,  differed  markedly  in  the  uptake  of  substances  by  the  kidney.  Ac¬ 
cordingly  a  short  survey  was  made  of  kidney  weight  in  these  fish  studied, 
and  some  others  available.  Table  1  shows  the  results  in  four  teleosts,  two 
of  which  have  aglomerular  kidneys,  and  three  elasmobranchs.  Wide  varia¬ 
tion  in  the  proportion  of  kidney  weight  tO'  body  weight  is  seen,  and  it  is 
of  interest  to  note  that  uptake  bears  in  general  an  inverse  relation  to  this 
proportion.  To  find  if  the  lack  of  uptake  might  be  due  to  limitation  of 
metabolic  substrate,  experiments  were  done  with  addition  of  acetate  and 
lactate,  which  are  reported  to  augment  uptake  of  p-aminohippurate  in 
mammalian  kidney,  and  succinate,  which  reduces  it  (7).  All  three  were 
found  to  reduce  uptake  (Table  2).  The  results  obtained  with  15  organic 
iodine  compounds^  are  shown  in  Figure  1 . 


-Of  the  compounds  shown.  Nos.  1,  2,  3,  5,  6,  9,  10,  11,  were  purchased  from  Dis¬ 
tillation  Products  Industries.  No.  4  is  "Hippuran”,  Mallinckrodt,  No.  14  is  "Urokon”, 
Mailinckrodt,  No.  8  is  "Diodrast”,  Winthrop,  No.  12  is  "Skiodan”,  Winthrop.  No. 
7,  "Monopaque”,  Bell-Craig,  No.  13,  Mallinckrodt,  and  No.  15,  "Telepaque”, 
Winthrop,  were  kindly  supplied  by  the  manufacturers  on  request. 
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FIG.  1.  Uptake  of  organic  iodine  compounds.  The  figures  refer  to  the  ratio, 
concentration  in  tissue  to  that  in  the  medium. 


DISCUSSION 

It  is  realized  that  the  occurrence  of  "uptake”  of  a  substance,  as  de¬ 
scribed  here,  does  not  predict  that  it  will  be  transferred  to  the  tubular 
lumen.  Experiments  such  as  those  of  Oliver  (8)  show  that  a  substance  may 
enter  the  tubular  cell  but  fail  to  pass  into  the  lumen.  However,  it  seems 
likely  that  a  substance  that  is  effectively  transported  across  the  tubular  cells 
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into  the  urine  will  show  a  high  value  for  uptake.  It  may  be  noted  that  the 
order  of  compounds  4,  8,  and  12  for  uptake  is  the  same  as  for  their  maximal 
tubular  secretory  rate  in  man  (9).  Compound  14  shows  uptake,  and  is  ap¬ 
parently  secreted  by  the  tubules  in  man  ( 10) . 

P-aminobenzoic  acid  shows  no  uptake  (in  the  r.ibbit  kidney  [7]),  nor 
do  the  monosubstituted  compounds  1,  2,  and  3,  although  possibly  the  ratio 
of  the  meta-substituted  2  may  surpass  the  others.  Meta-substitution  can 
augment  uptake,  seen  on  comparing  1  and  11.  Meta-substitution  with 
hydroxyl  in  the  para  position  (compounds  5,  6,  7)  gives  compounds  with 
moderate  uptake.  Greatest  uptake  is  shown  with  two  iodines  in  meta¬ 
position,  hydroxyl  in  ortho-position  (compound  9)  with  decreasing  ratios 
when  the  ortho-substitutent  is  amino  and  iodine.  Compounds  containing 
three  iodine  atoms,  13,  14,  15  show  moderate  uptake. 

Concerning  the  biochemorphic  aspects  of  uptake,  speculation  is  diffi¬ 
cult,  with  this  rather  heterogeneous  group  of  substances.  The  great  superior¬ 
ity  of  compound  9  over  its  isomer  5,  and  the  decreasing  order  of  uptake  for 
9,  10,  and  11,  might  suggest  that  chelation  or  hydrogen  bonding  is  im¬ 
portant. 

Hober  and  Briscoe- Woolley  (11)  have  studied  the  tubular  transport 
by  frog  kidney  of  a  large  series  of  dye-stuffs,  of  composition  too  complex 
to  permit  comparison  with  the  compounds  used  here. 

Concerning  comparative  physiology,  it  is  of  interest  to  note  that  the 
aglomerular  toadfish  kidney  shows  no  quantitative  superiority  to  the  glom¬ 
erular  kidney,  and  in  no  case  shows  uptake  of  a  compound  not  taken  up 
by  the  latter.  Others  (12,  13,  14)  have  pointed  out  that,  with  a  few  ex¬ 
ceptions,  there  is  little  difference  among  agolmerular,  partly  glomerular, 
and  entirely  glomerular,  kidneys  of  marine  fish,  in  the  composition  of  the 
urine  excreted,  or  in  the  secretory  properties  of  the  tubules.  All  the  data 
combine  to  suggest  that  there  may  be  circumstances  under  which  the  tubules 
of  the  glomerular  kidney  may  take  over  the  entire  urinary  function,  even 
to  the  excretion  of  water. 


SUMMARY 

The  uptake  of  fifteen  organic  iodine  compounds  by  the  isolated  kidney 
of  three  marine  fish,  the  glomerular  catfish  and  flounder,  the  aglomerular 
toadfish,  has  been  measured.  It  is  found  that  uptake  is  inversely  proportional 
to  ratio  of  kidney  weight  to  body  weight.  Uptake  was  not  increased  by 
any  of  the  metabolic  substrates  tested.  The  biochemorphic  aspects  and  the 
possible  physiological  significance  of  the  data  are  discussed. 
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LEPTODEKMA  SPKINGERI,  A  NEW  ALEPOCEPHALID 
FISH  FROM  THE  GULF  OF  MEXICO 


G[LES  W,  MEAD  AND  JAMES  BOHLKE 
Stanford  University 

The  specimen  here  described  is  the  first  known  American  representative 
of  the  alepocephalid  genus  Leptoderma.  It  was  sent  to  one  of  us  for  identi¬ 
fication  by  Mr.  Stewart  Springer  of  the  U.  S.  Fish  and  Wildlife  Service, 
Pascagoula,  Mississippi,  for  whom  the  new  species  is  named.  The  genus  is 
now  known  to  range  through  both  sides  of  the  Atlantic,  the  Indian,  and 
the  western  Pacific  Oceans. 

The  following  artificial  synopsis  of  the  genus  is  based  on  the  specimen 
at  hand  and  on  literature  descriptions  of  the  previous  species. 

A.  Origin  of  dorsal  nearer  pectoral  base  than  base  of  caudal. 

B.  Eye  much  longer  than  snout;  D.  48;  A.  71;  maxillary  teeth  ab¬ 
sent;  eye  less  than  3  in  head _ L.  macrops  Vaillant 

BB.  Eye  about  equal  to  snout;  D.  59  or  60;  A.  82;  maxillary  with 
teeth  anteriorly;  eye  more  than  3  in  head  L.  sprmgerl  new  species 
BBB.  Eye  twice  in  snout;  D.  ca.  66;  A.  ca.  85;  maxillary  teeth 
absent;  eye  less  than  3  in  head _ _ _ L.  af finis  Alcock 

AA.  Origin  of  dorsal  equidistant  from  bases  of  pectoral  and  caudal 
fins  _ L.  reiropinna  Fowler 

LEPTODERMA  SPRINGERI,  new  species 

Holotype — A  male  specimen,  190  mm.  in  standard  length,  collected 
by  M.  V.  Oregon,  research  vessel  of  the  Exploratory  Fshing  and  Gear  De¬ 
velopment  Section,  Branch  of  Commercial  Fisheries,  U.  S.  F’ish  and  Wild¬ 
life  Service,  at  station  640,  29°  01’  North  Latitude,  88°  24’  West  Longitude 
(off  the  Mississippi  coast);  3  55-475  fathoms;  September  19,  1952.  Taken 
with  a  40-foot  shrimp  trawl.  The  type  will  be  deposited  in  the  collection 
of  the  U.  S.  National  Museum. 

Description — Body  elongate,  its  greatest  depth  13.1  in  standard  length, 
tapering  evently  from  its  point  of  greatest  depth  behind  head  to  its  narrow 
caudal  peduncle.  Body  nearly  round  in  cross  section  behind  head  but  be¬ 
coming  more  compressed  posteriorly.  Skin  black,  mostly  lost,  only  slightly 
adherent  to  the  muscular  tissue  beneath.  Peritoneum  black.  Two  elongate 
pyloric  caecae  arranged  as  an  opposite  pair,  each  about  one  half  diameter 
of  eye  in  length  and  bearing  longitudinal  stripes  posteriorly. 

Snout  moderate,  bluntly  rounded,  slightly  shorter  than  eye,  3.6  in 
length  of  head.  Width  of  head  at  center  of  pupil  twice  width  of  snout  at 
anterior  end  of  supramaxillary.  Eye  large,  3.4  in  head,  directed  outward 
and  slightly  upward,  in  line  with  dorsal  profile  of  head.  Pupil  round,  about 
one  third  diameter  of  orbit.  Interorbital  flat,  its  least  bony  width  7.1  in 
length  of  head.  Mouth  small,  sub  terminal,  cleft  nearly  horizontal,  bordered 
above  by  maxillaries  and  premaxillaries.  One  large  supramaxillary,  expanded 
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posteriorly,  its  most  posterior  extent  confluent  with  that  of  maxillary. 
Shaft  of  maxillary  narrow,  thin,  expanded  posteriorly  and  reaching  to  front 
margin  of  orbit  when  mouth  is  closed,  bearing  a  single  row  of  minute  coni¬ 
cal  teeth  at  its  anterior  end  (the  portion  underlying  the  premaxillary). 
Premaxillary  well  developed,  extending  posteriorly  to  middle  of  maxillary, 
bearing  a  single  row  of  tiny  conical  teeth.  Mandibles  not  projecting,  each 
bearing  an  irregular  series  of  small,  blunt,  conical  teeth  along  the  anterior 
two  thirds  of  its  length.  Posterior  end  of  mandible  on  a  vertical  with  anterior 
margin  of  pupil.  Vomer  and  palatines  toothless.  Gill  membranes  free  from 
each  other,  joined  to  isthmus  below  posterior  margin  of  pupil.  Gills  4,  a  slit 
behind  the  last.  Pseudobranchiae  present  but  feeble.  Gill  filaments  of  un¬ 
equal  length,  thick  and  fleshy.  Gill  rakers  1  +  12  on  the  first  gill  arch,  the 
longest,  at  about  the  center  of  the  ceratobranchial,  approximately  equal  to 
one  half  diameter  of  pupil.  Rakers  flattened,  bearing  short  spines  or  prickles. 

Pectorals  8 -rayed,  short,  placed  low  on  sides  of  body,  their  bases 
somewhat  pedunculated.  Short  5 -rayed  ventrals,  the  inner  ends  of  their 
bases  on  the  ventral  midline.  Distance  of  ventral  base  from  center  of  anus 
equal  to  diameter  of  pupil  or  twice  that  of  anal  fin  origin  from  center  of 
anus.  Distance  of  base  of  ventrals  from  tip  of  snout  3.0  in  standard  length. 
Postanal  papillum  present.  Anal  fin  with  82  rays.  Distance  from  origin  of 
anal  fin  to  tip  of  snout  2.S  in  standard  length.  Highest  anal  fin  rays  at 
about  middle  of  fin  length,  the  highest  equal  to  three-fourths  diameter  of 
eye.  Dorsal  with  59  or  60  rays.  Origin  of  dorsal  above  17th  anal  ray,  its 
distance  from  tip  of  snout  contained  1.9  times  in  standard  length.  Longest 
dorsal  rays  opposite  longest  anal  rays  and  approximately  equal  to  them  in 
length.  Vertical  fins  confluent  with  caudal  or  nearly  so.  Caudal  fin  short, 
deeply  forked. 

Color  in  alcohol  black.  Fins  dark  grey  or  black,  a  black  line  along  base 
of  dorsal  and  another  along  anal  base. 

The  new  species  appear  to  be  most  closely  related  to  Leptocierma 
macro ps  Vaillant  (  1  88  8,  p.  166;  see  also  Goode  and  Bean,  1895,  p.  49),  but 
is  separable  from  it,  as  well  as  from  the  other  species  of  the  genus,  by  the 
characters  indicated  in  the  key  above.  L.  af finis  is  based  on  an  8  3/4  inch 
specimen  from  the  Indian  Ocean  which  was  first  referred  to  L.  macro  ps 
(Alcock,  1892,  p.  361)  and  later  described  as  new  (Alcock,  1899,  p.  182; 
1900,  pi.  32,  fig.  3).  L.  retro  pinna  was  described  by  Fowler  (1943,  p.  5  5, 
fig.  5). 
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Investigator,  under  the  command  of  T.  H.  Heming,  R.  N.  Fishes.  Part  7, 
pis.  27-35.  Calcutta. 
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NOTES  ON  THE  POSSIBLE  INTERGRADATION  BETWEEN  THE 
COLUBRINE  SNAKES  ARIZONA  ELEGANS  BLANCHARDl 
KLAUBER  AND  ARIZONA  ELEGANS  ELEGANS 
KENNICOTT  IN  TEXAS 

DON  HUNSAKER  II  AND  DON  SELLERS 

Bryce  C.  Brown,  in  his  check  list  (1950,  p.  138),  states  that  "there 
are  no  available  records  of  Arizona  elegant  blanchardi  in  Texas  „  .  ,  however 
,  .  .  from  the  evidence  at  hand  it  is  almost  certain  that  this  form  occurs 
in  the  Panhandle  Region.”  Recently  the  senior  author  collected  glossy 
snakes  evidently  of  this  subspecies  in  the  vicinity  of  Lubbock,  Lubbock 
County,  Texas,  and  secured  a  specimen  from  Wildorado,  Oldham  County, 
Texas. 

The  differentiation  between  these  two  subspecies  is  based  upon  the 
number  of  ventral  scutes:  more  than  210  in  males  and  more  than  221  in 
females  being  elegans,  less  than  210  in  males  and  less  than  221  in  females 
being  blanchardi  (Brown,  1950,  p.  137).  Table  I  below  shows  characteristics 
typical  of  blanchardi ^  while  Table  II  shows  typical  elegans  and  a  possible 
intergradation  continuing  southward  in  the  vicinity  of  Abilene,  Taylor 
County,  Texas.  Six  of  the  specimens  were  males,  two  were  females,  and 
these  are  now  deposited  in  the  author’s  private  collections. 

The  specimens  were  collected  in  the  following  localities: 

DH-177 — Male,  12  miles  N  of  Post,  Garza  Co.,  on  Ralls  Road.  June  23, 
1952. 

DH-186 — Male,  5  mi.  NE  of  Idalou,  Lubbock  Co.,  on  Farm  Road  400. 
DOR.  June  2  5,  19  52. 

DH-191 — Female,  15  mi.  N  of  Post,  Garza  Co.,  on  Ralls  Road.  June  23, 
1952. 

DH-182 — Male,  10  mi.  N  of  Post,  Garza  Co.,  on  Ralls  Road.  June  26,  1952. 
DH-127 — Male,  Ralls,  Crosby  Co.,  April  20,  1951. 


TABLE  I 


Specimen 

Vcntrals 

Caudals 

Dorsals 

Upper 

Labials 

Lower 

Labials 

Snout-Vent 

Length 

Tail 

Length 

DH-177 

204 

53 

29:30:22 

8 

12 

66.5  cm. 

11.7  cm. 

DH-186 

207 

54 

28:29:19 

8 

12 

44.2  cm. 

12.0  cm. 

DH-191 

215 

50 

28:29:20 

8 

12 

62.8  cm. 

8.9  cm. 

DH-2()6 

214 

50 

29:31:21 

8 

12 

75.0  cm. 

15.0  cm. 
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DS- 107— Male,  2  mi,  S  of  Abilene,  Taylor  Co.,  on  Buffalo  Gap  Road, 

DOR.  June  3  0,  1949. 

DS- 146— Male,  22  mi.  W  of  Abilene,  Taylor,  Co.,  on  U.  S.  Highway  80. 

DOR.  Sept.  25,  1951. 

DH-206— Female,  Wildorado,  Oldham  Co.,  Texas.  October  1952. 


TABLE  II 


Specimen 

Ventrals 

Caudals 

Dorsals 

Upper 

Labials 

Lower 

Labials 

Snout-Vent 

Length 

Tail 

Length 

DH-182 

216 

57 

29:31:20 

8 

13 

44.1  cm. 

7.2  cm. 

DH-127 

212  ’ 

58 

29:31:19 

8 

12 

33.5  cm. 

5.5  cm. 

DS-107 

212 

50 

28:29:19 

8 

12 

68.0  cm. 

10.5  cm. 

DS-146 

210 

45 

28:29:20 

8 

12 

53.0  cm. 

8.4  cm. 

LITERATURE  CITED 

Brown,  Bryce  C. — 1950 — An  annotated  check  list  of  the  reptiles  and  amphibians 
of  Texas.  Baylor  University  Press,  Waco,  xii,  259  pp. 


The  preceding  issue  of  THE  TEXAS  JOURNAL  OF  SCIENCE, 
Vol.  V,  No.  1,  March,  195  3,  was  mailed  from  San  Marcos,  Texas,  on 
March  30. 


SCIENCE  ACTIVITIES  IN  TEXAS 


Beginning  with  the  next  issue,  the  Editors  will  attempt  to  report 
scientific  news  of  interest  to  those  working  in  the  Texas  area  .  Even  col¬ 
lectively  the  Editors  cannot  do  an  adequate  job  unless  help  is  received  from 
you.  You  are  therefore  invited  to  submit  items  which  you  believe  will  in¬ 
terest  readers  of  The  Texas  Journal  of  Science.  If  you  do  not  find  it  con¬ 
venient  to  send  in  a  report,  you  can  at  least  send  a  postal  card  indicating 
where  specific  information  may  be  obtained.  Below  are  a  few  items  that 
have  recently  come  to  our  attention. 


At  Texas  Christian  University,  Joseph  Morgan,  Department  of  Physics, 
has  been  elected  Chairman  of  the  Science  Division,  succeeding  W.  W.  Win- 
ton,  who  is  retiring  after  many  years  of  service  in  this  position.  J.  1.  Tracey 
of  Yale  University  will  be  Distinguished  Professor  of  Mathematics  at  Texas 
Christian  University  for  195  3-54.  Willis  G.  Hewatt  is  spending  the  sum¬ 
mer  at  the  Virginia  Fisheries  Laboratory,  Gloucester  Point,  Virginia,  as 
Oyster  Research  Biologist. 


The  North  Texas  Biological  Society  met  at  the  Texas  State  College  for 
Women  in  Denton  in  March.  The  newly  elected  officers  are:  Cornelia  Smith 
(Baylor  University),  President;  John  J.  Andujar  (Fort  Worth  Medical 
Laboratory),  Vice  President;  and  C.  E.  Murphy  (Texas  Christian  Univer¬ 
sity),  Secretary-Treasurer. 


Coming  meetings  of  medical  interest  include:  Postgraduate  Assembly 
of  South  Texas,  Shamrock  Hotel,  Houston,  July  20-22;  The  Texas  Academy 
of  General  Practice,  Dallas,  September  21-23;  and  Texas  Pediatric  Society, 
Corpus  Christi,  October. 


The  Texas  Herpetological  Society  held  its  annual  field  meet  near  Madi- 
sonville,  Texas,  May  2-3.  New  officers  are:  Werner  Gottsch  (University  of 
Houston),  President;  Ralph  Axtell  (The  University  of  Texas),  Vice  Presi¬ 
dent;  Richard  Baldauf  (The  A  &  M  College  of  Texas),  Secretary;  John 
W.  Forsyth  (Texas  Christian  University)  and  Lawrence  Curtis  (The  Dallas 
Zoo) ,  Executive  Board. 
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The  Texas  Section  of  the  Mathematical  Association  of  America  met  at 
Texas  Christian  University,  April  24-2  C  The  new  officers  include:  L.  A, 
Colquitt  (Texas  Christian  University),  Chairman  E.  A.  Hazelwood  (Texas 
Technological  College),  Vice  Chairman;  and  C.  R.  Sherer  (Texas  Christian 
University) ,  Secretary-Treasurer. 


Texas  biologists  will  be  heading  for  Madison,  Wisconsin,  early  in  Sep¬ 
tember.  During  the  period  of  September  6-10  the  following  societies  will 
hold  annual  meetings  in  Madison:  American  Bryological  Society,  American 
Fern  Society,  American  Microscopical  Society,  American  Phytopathological 
Society,  American  Society  for  Horticultural  Science,  American  Society  of 
Limnology  and  Oceanography,  American  Society  of  Naturalists,  American 
Society  of  Parasitologists,  American  Society  of  Plant  Physiologists,  American 
Society  of  Plant  Taxonomists,  Biometric  Society  (ENAR) ,  Botanical  Soci¬ 
ety  of  America,  Ecological  Society  of  America,  Mycological  Society  of 
America,  Phycological  Society  of  America,  Sigma  Delta  Epsilon,  Society  of 
Industrial  Microbiology,  Society  of  Protozoologists,  and  Society  for  the 
Study  of  Evolution. 


A  cooperative  agreement  is  being  arranged  between  the  U.  S.  Wildlife 
Service,  the  Department  of  Oceanography  at  A  &  M  College  of  Texas,  and 
the  Medical  Branch  of  the  University  of  Texas.  When  the  new  John  Sealy 
Hospital  is  opened  in  Galveston,  space  will  be  released  in  older  buildings 
for  use  by  the  U.  S.  Wildlife  Service  and  A  &  M’s  Department  of  Ocean¬ 
ography.  This  will  serve  to  place  the  Department  of  Oceanography  near 
Galveston  Bay  and  also  make  available  the  facilities  of  the  Department  of 
Biochemistry,  Anatomy,  and  Physiology  at  the  Medical  Branch.  As  a  result 
it  will  be  possible  to  conduct  much  more  extensive  research  in  fundamental 
problems  of  interest  both  to  medical  and  biological  groups. 
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C.  H.  Broussard,  Vice  President  of 
Independent,  started  out  as  a  helper 
for  IX  ISVi  years  ago  after  attend¬ 
ing  LSU  and  Georgia  Tech.  He  has 
progressed  through  every  job  in  the 
exploration  held  including  computer, 
party  chief,  review  department  head, 
and  chief  geophysicist.  He  has  a  total 
of  17  years  experience  in  geophysical 
work. 


Experience,  Equipment  and  Modern  Techniques 
are  the  keys  to  your  Exploration  Success 


Independent  Exploration  Company  has  contributed 
generously  to  the  development  of  new  equipment  and 
modern  techniques  during  the  20  years  in  which  it  has 
served  the  oil  industry. 


Now  one  of  the  oldest  and  most  experienced  explora¬ 
tion  contractors  in  the  business,  Independent  believes 
that  experienced  Party  Chiefs  hold  a  key  to  your 
exploration  success.  Independent’s  crews  under  the  su¬ 
pervision  of  Party  Chiefs  with  an  average  of  16  years 
service,  have  served  more  than  100  important  oil 
producers, 
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As  courtesy  to  the  Academy,  in  doing  business 
with  our  advertisers,  please  make  mention  of  the 
fact  that  you  saw  their  advertisement  in  THE 
TEXAS  JOURNAL  OF  SCIENCE. 
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For  twenty-one  years,  SEI  has  specialized  in  sub-surface 
studies  of  the  domestic  oil  provinces  .  from  Canada  to 
the  Gulf,  Numerous  innovations  in  instrumentation,  inter¬ 
pretation,  and  field  technique  have  kept  SEI  in  the  fore¬ 
front.  For  exomple,  in  difficult  areas,  SEI  has  been  a 
pioneer  in  the  use  of  patterns  of  multiple  shot  holes  and 
geophone  arroys 

Your  exploration  program  is  in  capoble  hands  at  SEI. 
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WeVe  never  made  a  rock  bit  that  completely  satisfied  us  . . .  and  we 
never  will,  although  we  have  made  millions  of  bits.  One  improvement 
has  invariably  led  to  others,  opening  new  frontiers  for  research  and 
progress.  As  a  result,  record  breaking  bits  of  not  too  many  years  ago 
have  become  today’s  museum  pieces. 

Through  the  years  Hughes  Tool  Company’s  expenditures  in  research 
and  engineering  to  improve  the  performance  of  its  bits  and  advance 
rotary  drilling  have  run  into  millions  of  dollars.  Currently, 
these  expenditures  are  at  a  rate  of  more  than  $  1 ,5  00,000  per 
year. 

This  continuing  research  enables  Hughes  to  keep  pace 
with  the  constantly  changing  needs  of  a  fast  moving  drilling 
industry.  Progress  dictates  that  we  can  never  be  satisfied 
with  any  improvement  of  the  moment. 
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This  ruined  house  in  the  doomed  town  of  Falcon,  Zapata  County, 
Texas,  was  built  about  150  years  ago.  Falcon  is  one  of  several  towns  which 
will  eventually  be  flooded  by  waters  of  the  Falcon  Reservoir  on  the  Lower 
Rio  Grande.  Some  day  this  house,  which  is  ingeniously  built  of  limestone 
blocks  without  benefit  of  mortar,  will  be  under  60  feet  of  water.  At  least 
130  such  historic  house  ruins  will  suffer  the  same  fate,  as  well  as  nearly  all 
of  the  occupied  houses  in  Falcon,  Zapata,  and  other  communities  on  both 
sides  of  the  Rio  Grande.  The  people  now  living  in  the  Texas  portion  of  the 
reservoir  area  will  be  moved  to  the  new  town  of  Zapata,  located  some  25 
miles  above  Falcon  Dam.  They  will  leave  lands  and  homes  which  they  and 
their  ancestors  have  used  for  the  past  200  years.  This  interesting  social 
phenomenon  ought  to  be  studied  by  scientists. 

Photo  by  Robert  H.  Humphreys,  1950.  Courtesy  of  Alex  D.  Krieger. 
See  article  by  Edward  B.  Jelks  in  this  issue  of  the  journal. 
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THE  EFFECT  OF  THE  19 5 OH 952  DROUGHT  ON  THE 
RANGE  VEGETATION  OF  CERTAIN  AREAS  OF  TEXAS 


VERNON  A,  YOUNG 
The  A.  &  M.  College  of  Texas 

Like  other  droughts  in  the  past,  the  present  drought  has  introduced 
elements  of  uncertainty  as  to  its  degree  of  severity  and  period  of  duration. 
In  large  areas  of  the  state,  the  drought  has  been  so  severe  and  sO'  long  drawn 
out  that  ranchmen  have  suffered  large  financial  losses  in  reduced  forage  and 
livestock  products,  and  conservation  has  been  seriously  retarded. 

Many  ranchmen  have  attempted  to  maintain  both  their  breeding  and 
commercial  herds  by  purchasing  large  amounts  of  feed  to  supplement  the 
native  forage,  all  the  time  hoping  for  an  early  end  of  the  drought.  Others 
were  fortunate  enough  to  sell  a  high  percentage  of  their  livestock  during 
the  early  period  of  the  drought. 

Those  ranchmen  who  fed  their  livestock  as  long  as  possible  in  hopes 
that  the  drought  might  break  any  day  are,  in  many  cases,  in  a  state  of  bank¬ 
ruptcy,  Even  ranchmen  who  retained  just  a  breeding  herd  nucleus  are  now 
greatly  worried  that  they  will  lose  a  large  percentage  of  their  better  native 
grasses,  since  such  hardwood  species  as  live  oak,  post  oak,  cedar  and  others 
have  died  in  comparatively  large  numbers  on  certain  range  lands  of  the  state. 

Thus  many  ranchmen,  as  well  as  men  in  various  professions  all  over 
the  state,  have  asked  the  writer  three  important  questions.  ( 1 )  Is  it  not 
reasonable  to  assume  that  if  drought  areas  receive  normal  amounts  of  rain¬ 
fall  during  the  growing  season  of  195  3,  the  desirable  or  "key”  grasses  will 
be  just  as  productive  as  before  the  drought,  since  they  have  survived 
droughts  before  and  since  the  discovery  of  America.  (2)  When  this  drought 
is  over,  what  range  practices  will  be  most  beneficial  in  bringing  a  ranch 
back  to  a  normal  productive  condition  or  even  in  improving  it  to  with¬ 
stand  droughts  that  may  occur  in  the  future?  (3)  Why  is  a  good  grass 
cover  more  efficient  in  retaining  water  in  the  soil  of  range  lands  than  a 
good  protective  stand  of  woody  plants  that  have  come  into  the  area  over 
a  period  of  years? 

Answers  to  these  questions  will  mean  success  or  failure  for  a  high 
percentage  of  the  livestock  ranches  in  Texas  or,  as  a  matter  of  fact,  in  the 
Southwest.  However,  before  giving  specific  answers  to  these  questions,  let 
me  briefly  review  the  climatic  variations  of  the  past  and  the  condition-  of 
the  vegetation  before  and  after  the  white  man  first  came  to-  America. 

Archaeologists  report  that  certain  regions  of  North  America  suffered 
from  severe  droughts  before  the  white  man  came.  Both  plant  and  animal 
life  decreased  during  such  periods,  but  increased  during  the  non-drought 
periods.  Following  the  discovery  of  North  America,  explorers  spread  widely 
over  the  continent,  and  reported  an  abundance  of  big  game  animals  and 
ample  vegetation  to  support  them.  This  was  even  true  of  a  huge  area  known 
today  as  Texas.  As  late  as  18  54,  John  Russell  Bartlett  of  the  United  States 
Boundary  Commission  (Personal  Narrative)  gave  this  eye-witness  descrip¬ 
tion  of  the  vegetation  of  the  Southwest  Texas  ranges:  "The  indigenous 
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prairie  grass  is  tall,  coarse,  full  of  seed  at  the  top  and  when  young,  resembles 
wheat  in  the  spring,”  In  view  of  such  historical  changes  and  recoveries,  as 
well  as  the  recovery  of  the  certain  grasslands  that  were  properly  managed 
following  the  severe  droughts  of  1886  and  1934  (dust  bowl),  it  is  reason¬ 
able  to  draw  two  conclusions.  ( 1 )  Droughts  of  various  duration  may  occur 
from  time  to  time  in  North  America  and  especially  on  the  large  native  non- 
mountainous  range  lands  of  the  West  and  Southwest.  (2)  The  "key”  or 
desirable  grasses  of  the  range  lands  which  are  the  most  nutritious  and  fur¬ 
nish  the  bulk  of  the  forage  have  over  centuries  become  acclimated  to 
droughts  plus  other  weather  disturbances,  and  a  high  percentage  will  sur¬ 
vive  providing  they  have  not  been  over-utilized. 

As  a  matter  of  fact,  good  grassland  management  begins  with  a  clear 
understanding  of  the  key  grasses. 

Now  for  the  answer  to  the  first  question.  Yes,  as  stated  above,  it  is  true 
that  desirable  or  key  grasses  common  to  the  grass  lands  of  Texas  survived 
the  droughts  prior  to  1515,  the  year  livestock  was  introduced  into  America. 
However,  during  that  period  only  big  game  animals  grazed  the  ranges, 
whereas  now  and  during  the  past  6  5  years  great  herds  of  livestock  have 
also  grazed  them. 

Ranges  will  not  support  the  same  number  of  livestock  they  did  before 
the  present  drought,  without  injury  to  the  vegetation.  People  are  often  led 
to  believe  that  like  trees  all  perennial  grasses  live  for  long  periods  of  time. 
Certain  desirable  species  of  grass  may  live  less  than  10  years,  while  others 
may  live  much  longer.  Therefore,  a  certain  percentage  of  these  grasses  will 
die  each  year  even  during  years  of  high  precipitation.  High  producing 
grasses  on  grazed  ranges  are  naturally  weakened  and  physiologically  set  back 
during  a  drought,  and  especially  so  if  it  extends  more  than  two  years  like 
the  present  one.  Thus  this  drought,  together  with  the  grazing  effects  on  the 
plants,  may  hasten  the  deaths  of  many  of  the  older  individuals,  as  well  as 
weaken  the  productiveness  of  many  healthy  grass  plants. 

In  general  the  response  of  the  perennial  grasses  to  drought  may  be  four¬ 
fold:  (1)  A  grass  plant  may  go  into  a  dormancy  for  a  period  of  time  be¬ 
cause  the  buds  in  the  base  (crown)  which  normally  grow  into  leaves  may 
not  develop.  (2)  Only  a  few  of  the  buds  may  develop  leaves  and  seed  stalks, 
and  these  may  be  greatly  reduced  in  size  and  productiveness.  Thus  little 
forage  would  be  produced  for  livestock  or  leaf  surfaces  for  normal  food 
manufacturing.  (3)  Even  if  the  grass  plants  were  only  normally  grazed, 
little  food  would  be  manufactured  for  storage  in  the  roots  for  new  growth 
the  following  year.  Besides,  a  high  percentage  of  the  roots  of  such  grasses 
may  die,  and  the  plants  may  also  fail  to  grow  new  roots  because  of  their 
weakened  condition.  Hence  little  forage  would  be  produced  for  livestock  or 
residue  to  protect  the  soil.  (4)  The  grass  seedlings  that  might  begin  growth 
from  the  limited  amount  of  seed  produced  by  the  range  grasses  would,  under 
normal  climatic  conditions,  replace  the  old  grasses.  However,  these  seed¬ 
lings  would  suffer  a  high  mortality  because  their  shallow  root  systems  would 
be  unable  to  obtain  sufficient  moisture  for  plant  survival. 

These  observations  are  borne  out  by  results  of  studies  at  the  Encino 
Division  of  the  King  Ranch,  Ranch  Experiment  Station,  and  the  Texas 
Range  Station  on  the  Edwards  Plateau  on  the  effect  of  different  rates  of 
forage  utilization  by  livestock  during  both  normal  precipitation  and  drought 
years  are  introduced. 
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FIG.  1 — A  640-acre  experimental  pasture  on  the  Encino  Division  of  the  King 
Ranch  showing  the  proper  amount  of  forage  to  leave  at  the  close  of  the  grazing 
season  for  the  protection  of  the  soil  and  to  obtain  healthy  plant  growth  the  follow¬ 
ing  year.  The  upper  two  or  three  feet  of  the  soil  is  a  Nueces  fine  sand  and  dune  sand. 
Little  change  occurred  in  the  composition  of  the  vegetation  in  this  pasture  as  a 
result  of  the  present  severe  drought. 


FIG.  2 — A  pasture  in  the  same  experimental  area  as  shown  in  Fig.  1,  but  sub¬ 
jected  to  heavy  grazing  before  the  drought  and  for  a  short  period  during  the  drought 
(1951-53).  Note  that  the  grass  turf  is  completely  broken  and  wind  erosion  is  active. 
This  area  will  require  careful  range  management  for  a  period  of  years  in  order  to 
obtain  a  stand  of  desirable  grasses.  It  is  from  such  areas  that  sand  dunes  arise. 
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FIG.  3 — A  properly  stocked  pasture  in  February  1951,  on  the  Texas  Range 
Station  near  Barnhart,  Texas,  in  the  Edwards  Plateau.  The  vegetation  is  composed 
principally  of  short  grasses  (buffalo  and  curly  mesquite)  and  tall  grasses  (tobasso 
grass  and  side  oat  grass).  The  soil  is  of  the  clay  type.  This  pasture  has  been  grazed 
with  the  same  number  of  animals  since  1949;  and  because  of  the  healthy  condition 
of  the  grasses  before  the  present  drought,  the  vegetation  will  not  suffer  any  appre¬ 
ciable  mortality  in  1953  if  the  area  receives  average  precipitation. 


FIG.  4 — A  pasture  in  February.  1952,  on  the  Texas  Range  Station  once  similar 
in  vegetation  and  soil  characteristics  to.  those  in  the  pasture  shown  in  Fig.  3.  The 
stocking  rate  for  the  past  8  years  has  been  the  number  of  animals  commonly  grazed 
by  ranchmen  of  the  general  region,  which  comprises  approximately  two  million 
acres,  but  on  the  basis  of  forage  removed  would  be  classed  as  heavily  stocked.  It  is 
now  evident  during  this  present  drought  that  the  vegetation  is  suffering  a  high 
mortality,  because  of  the  severe  grazing  and  trampling.  Since  the  organic  matter  has 
been  seriously  depleted,  and  the  soil  is  exposed  and  packed,  it  is  evident  that  the 
infiltration  rate  of  water  will  be  low  when  rains  come  again.  Therefore,  much  of  the 
water  that  falls  on  this  pasture  will  run  off,  which  would  not  be  true  in  the  pasture 
shown  in  Fig.  3. 
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Among  the  seven  640-acre  native  pastures  on  the  Encino  Division,  one 
was  heavily  utilized  and  another  was  properly  utilized  by  cattle  (Fig.  1) 
for  2  Yi  years  prior  to  the  drought  and  1 2  months  during  the  drought.  The 
animals  were  removed  from  the  pastures  in  October,  1951.  The  animals  in 
the  heavily  stocked  pasture  were  fed  sufficient  concentrates  for  maintenance 
during  the  last  four  months  they  were  present,  but  the  cattle  in  the  properly 
stocked  pasture  were  not  fed.  However,  during  this  period  the  animals  that 
were  fed  walked  the  pasture  time  and  again  in  search  of  grasses  that  they 
might  nibble.  The  excessive  trampling  of  the  crowns  of  the  grasses  and 
close  grazing  of  the  foliage  proved  to  be  extremely  injurious  to  these  plants 
and  to  a  lesser  degree  to  the  soil,  as  shown  in  Fig.  2.  From  the  standpoint 
of  good  management,  it  would  have  been  better  for  both  the  cattle  and 
pasture  to  have  placed  the  animals  in  a  feed  lot  and  fed  them  a  balanced 
maintenance  ration.  / 

During  the  late  spring  of  1952,  the  pastures  received  approximately 
eight  inches  of  precipitation,  and  when  the  desirable  grasses  were  about  10 
inches  in  height,  quantitative  studies  were  made  to  determine  what  effect 
the  grazing  and  drought  had  on  the  abundance  and  growth  of  the  desirable 
grasses  on  both  the  overstocked  pasture  and  properly  stocked  pasture.  The 
results  were  unmistakable,  the  desirable  grasses  having  suffered  an  80  per¬ 
cent  higher  mortality  in  the  over-utilized  pasture  than  in  the  properly  util¬ 
ized  pasture.  In  addition,  a  high  percentage  of  the  few  grass  seedlings  that 
began  growth  in  the  overstocked  pasture  died  during  the  hot  dry  months 
of  July,  August,  and  September  because  of  the  severe  competition  offered 
by  the  v/eeds  for  the  soil  moisture.  By  contrast  only  a  low  percentage  of 
the  grass  seedlings  died  in  the  properly  stocked  pasture.  This  study  also 
demonstrated  the  effect  of  the  drought  in  retarding  the  early  growth  of 
the  grasses  in  both  pastures  and  the  high  mortality  of  the  desirable  grasses 
in  the  over-utilized  pasture. 

The  cattle  were  returned  September  1,  1952,  to  all  pastures  except  the 
pasture  that  had  been  heavily  stocked.  It  may  be  necessary  to  defer  this 
pasture  from  grazing  for  two  or  more  years  before  a  sufficient  number  of 
desirable  grasses  becomes  established  to  permit  light  grazing. 

From  results  obtained  during  the  past  three  years  at  the  Ranch  Ex¬ 
periment  Station  on  the  Edwards  Plateau  between  the  communities  of  Rock- 
springs  and  Sonora,  it  is  evident  that  even  the  normal  stocking  rates  com¬ 
mon  to  certain  areas  of  Texas  may  be  extremely  harmful  to  a  range  and 
expensive  to  ranchmen  during  a  drought  period.  These  results  show  that 
steers  produced  6  pounds  of  meat  per  acre  on  the  normally  stocked  pas¬ 
tures,  as  compared  with  5  pounds  on  the  heavily  stocked  pastures,  during 
a  12-month  drought  period  from  July,  1950,  to  June,  1951.  On  the  basis 
of  money  invested  in  livestock,  the  results  are  more  convincing  than  this 
monetary  gain  of  $20.00  a  section,  because  only  32  steers  were  involved 
in  the  moderately  stocked  as  compared  with  48  in  the  heavily  stocked  pas¬ 
ture.  In  addition,  an  important  conservation  gain  was  shown  on  the  mod¬ 
erately  stocked  pastures  by  the  increased  natural  seeding  and  residue  as 
better  protection  against  runoff  and  high  soil  temperature. 

Now  for  an  answer  to  the  second  question,  what  are  the  most  bene¬ 
ficial  practices  to  use  after  the  drought  ends?  The  range  practices  should 
be  based  on  the  sound  principles  advocated  by  range  specialists  for  the  past 
decade  and  carried  on  by  many  ranchmen  of  Texas.  They  may  be  summed 
up  under  ten  headings. 
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( 1 )  Make  a  careful  appraisal  of  the  range  resources  as  soon  as  the  vege¬ 
tation  has  attained  sufficient  growth  to  determine  the  composition,  density, 
and  vigor  of  the  "key”  plants,  as  well  as  the  amount  of  soil  disturbance. 
Even  if  the  soil  and  plants  appear  almost  normal,  it  will  be  advisable  to 
reduce  the  past  stocking  rate  10  to  15  percent  in  order  to  increase  the  vigor 
of  both  the  old  and  young  grass  plants.  Great  care  should  be  taken  not  to 
restock  the  range  too  early  after  growth  begins.  Remember  the  plants  are 
in  their  most  critical  condition  following  a  drought  and  must  develop  both 
a  large  top  growth  and  a  strong  root  system. 

(2)  If  the  range  has  deteriorated  considerably  from  the  drought,  it 
would  be  wise  to  secure  professional  assistance  from  a  range  specialist  asso¬ 
ciated  with  either  federal  or  state  organizations  devoted  to  agricultural  im¬ 
provements,  to  determine  the  stocking  capacity,  as  well  as  other  desirable 
corrective  practices.  The  rancher  may  think  he  cannot  financially  afford 
to  reduce  his  livestock  numbers  to  meet  the  needs  of  his  range.  Actually, 
however,  he  cannot  afford  not  to,  because  experiments  have  definitely  shown 
that  close  grazing  does  not  pay  and  has  never  paid.  To  supply  more  forage 
to  maintain  the  desired  livestock  numbers,  it  would  be  better  to  lease  addi¬ 
tional  range  acreages  or  cultivated  land  to  grow  such  annual  emergency 
crops  as  small  grains,  clovers,  Sudan  grass  and  others.  If  emergency  measures 
cannot  be  applied,  look  to  other  sources  to  provide  adequate  supplemental 
feed. 

( 3 )  Control  worthless  brush  and  noxious  weeds  on  both  small  and 
large  areas  of  the  range  through  either  mechanical  or  chemical  methods. 
This  practice  will,  under  proper  management,  substantially  increase  the  soil 
moisture  and  forage  supply. 

(4)  By  means  of  cross  fencing,  deferred  and  rotation  grazing  may  be 
practiced  to  permit  the  key  grasses  to  set  seed  and  thus  reseed  areas  sup¬ 
porting  thin  stands  of  forage  plants. 

( 5 )  Obtain  proper  distribution  of  livestock  on  ranges  by  separating 
the  salt  and  water  location. 

(6)  A  certain  amount  of  reserve  forage  should  be  available  on  some 
range  areas  each  year,  and  ample  residue  should  be  left  on  the  entire  range 
at  the  close  of  the  grazing  year.  This  can  be  accomplished  by  grazing  off  only 
5  0  to  60  percent  of  the  vegetation  so  that  a  reserve  of  residue  and  abun¬ 
dance  of  healthy  forage  plants  can  more  adequately  resist  the  effects  of  the 
next  drought,  which  may  come  any  time. 

(7)  Reseed  depleted  range  areas  with  adapted  species,  using  methods 
best  adapted  to  specific  areas. 

(8)  Learn  to  recognize  when  the  range  units  are  in  certain  condition: 
Classes  such  as  excellent,  good,  fair  and  poor,  and  points  for  the  excellent 
and  good  classes. 

(9)  Fence  any  small  fertile  bottomland  areas  that  are  sufficiently  moist 
to  support  cultivated  crops,  and  seed  to  cultivated  grasses  to  obtain  either 
pasturage  or  reserve  hay  to  relieve  the  native  pastures. 

(10)  Introduce  a  management  practice  at  any  time  that  will,  over  a 
period  of  years,  be  economical  and  of  conservation  value.  Remember  that 
soil,  water,  and  grass  are  precious  above  all  things  on  the  range  lands  of 
Texas. 

Finally  the  third  question,  why  is  a  good  grass  cover  more  efficient 
in  retaining  water  in  the  soil  of  range  lands  over  a  period  of  years?  Brush 
or  woody  plant  invaders  as  a  group  are  consumers  of  large  amounts  of  water. 
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For  examplej  a  mesquite  plant  requires  1700  to  1800  pounds  of  water  for 
each  pound  of  dry-weight  wood  it  produces,  whereas  little  bluestem,  a  key 
grass  on  many  large  range  areas  of  Texas,  requires  only  700  to  800  pounds 
of  water  for  each  pound  of  dry- weight  forage  produced.  Brush  plants  grow 
a  high  percentage  of  large  woody  roots  which  may  be  both  rather  wide¬ 
spread  and  of  deep  penetration  and  thus  take  up  a  large  amount  of  the  soil 
water.  The  woody  plants  lack  the  fibrous  roots  that  grasses  grow  which  bind 
and  hold  the  soil.  In  addition,  leaves  of  the  brush  species  add  little  protection 
or  organic  matter  to  the  soil,  while  practically  the  entire  top  growth  of  the 
grass  plants  which  is  not  eaten  by  livestock  is  added  first  as  litter  to  the 
soil  and  later  as  organic  matter.  Furthermore,  approximately  50  per  cent  of 
the  roots  of  perennial  grasses  die  each  year,  and  when  these  decompose  they 
leave  millions  of  little  channels  that  allow  the  water  to  percolate  into  the 
soil,  whereas  only  a  very  small  percentage  of  the  roots  of  the  brush  plants 
die  each  year. 

Since  most  of  the  key  range  grasses  on  Texas  ranges  are  sun-lovers, 
they  develop  little  or  no  growth  under  the  shade  of  brush.  Thus  the  soil 
under  the  brush  plants  is  exposed  and  often  bare,  and  this  type  of  vegeta¬ 
tion  is  less  able  to  conserve  moisture  and  prevent  rain  and  melting  snow 
from  causing  surface  erosion.  On  the  other  hand,  an  area  that  is  covered 
with  grasses  has  a  blanket  composed  of  grass  crowns,  leaves,  stems  and  par¬ 
tially  decomposed  litter,  as  well  as  openings  left  in  the  soil  by  dead  roots, 
and  becomes  a  potential  reservoir  for  water.  In  short,  grass  is  important 
not  only  as  food  for  livestock  and  big  game  in  Texas  but  as  a  help  to  con¬ 
serve  soil,  improve  soil  fertility,  alleviate  floods  and  prevent  soil  erosion. 
It  would  be  reasonable  to  conclude  that  grass  is  indispensable  in  any  stable 
or  balanced  ranch  enterprise,  since  water  and  soil  fertility  must  be  main¬ 
tained.  Such  a  state  of  affairs  can  be  obtained  by  practicing  good  funda¬ 
mental  range  conservation  practices. 


THE  CULTURE  OF  THE  TONKA WA,  A  TEXAS  INDIAN  TRIBE^ 


ANDREE  F.  SJOBERG 
Austin,  Texas 

This  study, ^  synthesizing  the  fragmentary  data  contained  in  histori¬ 
cal  documents  and  in  a  number  of  field  reports,  attempts  to  reconstruct 
the  culture  of  the  Tonkawa  Indians,  heretofore  little  known.  Many  of  these 
Indians  were  early  decimated  by  the  encroachments  of  European  culture 
and  by  powerful  tribes  which  moved  down  into  the  Tonkawa  area  from 
the  north.  Those  Tonkawa  who  survived  were  removed  from  Texas  dur¬ 
ing  the  nineteenth  century,  and  their  few  descendants  now  remember  little 
of  the  aboriginal  culture.  Thus,  much  of  our  information  on  this  group 
must  come  from  ethno-historical  and  archaeological  research. 

The  ethnographic  data  should  assist  Texas  archaeologists  in  interpret¬ 
ing  their  findings.  Also,  these  materials  should  aid  in  clarifying  the  cul¬ 
tural  position  of  this  tribe,  a  quite  difficult  problem.  Swanton  (1924) 
has  placed  the  Tonkawa  in  the  so-called  "ethnographic  sink,”  a  region  of 
low  culture  situated  between  two  areas  of  relatively  high  culture — Mexico 
and  the  Southeastern  United  States.  Kroeber  (1947)  includes  the  Tonkawa 
in  the  "South  Texas  area”  (a  part  of  his  Northwest  Gulf  Coast  area),  al¬ 
though  he  believes  they  at  one  time  may  have  belonged  in  his  "Southern 
Plains.”  And  Hoijer  (193  3-8),  although  not  specifically  concerned  with 
this  problem,  has  considered  the  Tonkawa  to  be  a  Plains-like  group. 

LINGUISTIC  AFFILIATIONS 

Field  workers— -Gatschet  (1884)  and  particularly  Hoijer  (193  3-8, 
1949) — have  obtained  vocabularies,  grammatical  forms,  and  texts  of  the 
Tonkawa  language.  However,  it  has  been  most  difficult  to  relate  the 
Tonkawa  speech  to  that  of  any  other  group.  The  Tonkawa  language  was 
quite  distinct  from  those  of  the  tribes  to  the  north,  west,  and  east — the 
Wichita,  Comanche,  Apache,  Caddo,  and  Atakapa.  South  of  the  Tonkawa 
were  a  number  of  small  tribes,  the  languages  of  which  are  little  known. 
Not  only  are  these  now  extinct  but  few  words  were  ever  recorded.  Never¬ 
theless,  Swanton  (1915)  believes  he  has  discerned  some  close  resemblances 
between  the  Tonkawa  language  and  that  of  the  Cotoname,  a  small  tribe 
which  formerly  lived  near  the  mouth  of  the  Rio  Grande  in  northern 
Tamaulipas.  Swanton  (1915,  1940)  further  has  seen  connections  between 
Cotoname  and  the  little-known  languages  of  southern  Texas — Coahuilteco, 
Comecrudo,  and  Karankawan.  Thus,  he  has  tentatively  placed  the  Tonkawa 
speech  with  these  languages  to  the  south  in  a  single  stock,  the  Coahuiltecan. 


1  The  writer  wishes  to  express  her  appreciation  to  Harry  Hoijer  for  his  generosity  in 
allowing  her  to  examine  his  unpublished  manuscript  on  Tonkawa  myths  and  legends 
and  for  permitting  her  to  quote  from  this.  Also,  thanks  are  due  the  Bureau  of 
American  Ethnology  for  permission  to  quote  extensively  from  Gatschet’s  unpublished 
field  notes  on  the  Tonkawa. 

-  A  summary  of  this  paper  was  presented  at  the  meeting  of  the  Texas  Academy  of 
Science,  Fort  Worth,  December  6,  1952. 
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Sapir  (1920),  in  turn,  has  suggested  possible  connections  between  the 
languages  of  the  Coahuiltecan  stock  and  the  Hokan  linguistic  family  of  the 
Pacific  Coast. 


HISTORY 

A  summary  of  the  history  of  the  Tonkawa  Indians,  as  well  as  their 
principal  locations  at  various  dates,  seems  essential.  One  study  of  Tonkawa 
history,  which  contains  some  discussion  of  their  culture,  has  been  written 
(Mayhall,  1939).  Unfortunately,  this  presents  little  material  on  the  Ton¬ 
kawa  during  the  nineteenth  century  and  furthermore  must  be  used  with 
caution,  for  it  contains  a  number  of  errors  of  interpretation. 

According  to  Mooney  (1901),  the  Tonkawa  held  to  a  tradition  con¬ 
cerning  their  "lost”  kindred,  the  "Drifted  People.”  These  had  become  sep¬ 
arated  from  them  by  "a  great  flood  long  ago,”  and  in  the  late  nineteenth 
century  were  still  believed  to  be  somewhere  far  to  the  south  on  "the  other 
side  of  the  big  water.”  A  somewhat  similar  account  appears  in  Gatschet’s 
materials  (1884,  1891).  His  informants  stated  that  once,  when  the  Ton¬ 
kawa  tribe  was  much  larger,  they  were  encamped  on  the  edge  of  "a  big 
water.”  Suddenly,  a  portion  of  the  tribe  was  separated  by  a  submergence 
of  the  coast  land.  The  Tonkawa  claimed  that  they  later  found  a  group  of 
Indians  living  on  the  Gulf  Coast  near  Galveston  who  spoke  a  dialect  of 
the  Tonkawa  language  containing  archaic  words— they  believed  these 
people  to  be  their  lost  kindred  and  called  them  the  "Yakwal”  or  "Drifted 
People.” 

This  legend  may  be  significant  for  the  early  history  of  the  Tonkawa. 
On  the  other  hand,  these  "Drifted  People”  may  refer  to  the  Mayeye  (dis¬ 
cussed  below) ,  who  in  the  early  historical  period  seem  to  have  been  a  some¬ 
what  distinct  group.  After  coming  together  with  other  Tonkawan  groups 
in  the  missions,  the  Mayeye  separated  from  the  main  body  of  Tonkawa,  and 
in  the  late  eighteenth  century  went  to  live  near  the  Gulf  Coast  with  the 
Karankawa. 

Now,  to  survey  the  history  proper.  In  the  accounts  before  the  late 
eighteenth  century,  the  Tonkawa  as  a  whole  are  not  discussed.  Instead, 
various  "sub-tribes,”  each  with  its  own  designation,  are  listed.  These  include 
the  Tonkawa  proper,  the  Mayeye,  the  Yojuane,  and  the  Ervipiame.  Accord¬ 
ing  to  mission  records,  these  four  groups  spoke  the  Tonkawan  language 
(Bolton,  1915).  In  addition,  several  small,  rather  obscure  bands  have  gen¬ 
erally  been  classified  as  Tonkawan,  e.g.,  the  Emet,  Cavas,  Sana,  Toho  and 
Tohaha.  The  evidence  for  this  comes  mainly  from  Massenet’s  observation 
in  1691  (Diario,  1691)  that  these  last-named  groups  did  not  speak  Coahuil- 
teco  and  lived  between  the  Hasinai  of  northeastern  Texas  and  the  area  of 
Coahuiltecan  languages.  (And  they  apparently  were  not  Karankawan  or 
Atakapan.)  Also,  the  fact  that  these  small  groups  were  often  found  living 
near  and  with  the  Tonkawa  proper,  and  apparently  having  a  similar  cul¬ 
ture,  has  strengthened  the  belief  that  they  were  Tonkawan.  (Hodge,  1907b; 
1910). 

Some  of  these  Tonkawan  sub-groups  may  have  been  encountered  by 
Cabeza  de  Vaca  during  his  journeys  along  the  Texas  coast  and  inland  across 
southern  and  western  Texas  beginning  in  the  year  1.528  (Hodge,  1907a). 
Also,  members  of  the  De  Soto  expedition  may  have  met  the  Tonkawa  in 
1542,  although  this  is  rather  speculative  (Swanton,  1942).  In  1687,  Joutel, 
LaSalle’s  companion,  heard  of  the  Meghey  tribe  presumably  living  some- 
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where  in  what  is  now  central  Texas;  this  was  perhaps  the  Mayeye  group 
(Margry,  1879;  Bolton,  1914b),  In  1690  Massanet  met  the  Emet,  Cavas, 
Toho,  and  Tohaha  Indians  between  the  lower  Guadalupe  and  lower  Colorado 
rivers  (Bolton,  1916).  And  a  year  later.  Fray  Francisco  Casahas  de  Jesus 
Maria  (Casanas,  1691)  listed  the  Diujuan  and  Tanquaay,  evidently  the 
Yojuane  and  the  Tonkawa,  as  enemies  of  the  Hasinai. 

In  1698  a  mission  was  established  for  the  Ervipiame  in  northeastern 
Mexico  between  the  Sabinas  and  the  Rio  Grande.  Only  a  few  years  later, 
in  1707,  the  Ervipiame  were  reportedly  near  the  Colorado  River  in  central 
Texas,  where  they  became  the  nucleus  of  an  aggregation  called  Rancheria 
Grande,  which  also  comprised  the  remnants  of  a  number  of  non-Tonkawan 
bands  from  the  vicinity  of  the  Rio  Grande  and  some  apostates  from  various 
missions  (Bolton,  1914b).  Espinosa  met  the  Yojuane  near  the  Colorado 
River  in  1709  (Bolton,  1914b),  and  in  1716  this  group  was  listed  among 
the  enemies  of  the  Hasinai  (Dictamen,  1716).  In  1718-19,  the  Alarcon  Ex¬ 
pedition  encountered  the  Sana,  Emet,  Toho,  Mayeye,  and  possibly  the 
Yojuane  at  a  site  west  of  the  Brazos  River  (Hoffmann,  193  5  ). 

Du  Rivage,  a  member  of  Benard  de  la  Harpe’s  expedition  of  1719, 
recorded  a  meeting  on  the  middle  reaches  of  the  Red  River  with  a  number 
of  tribes,  including  the  Joy  van  and  Tancaoye,  generally  assumed  to  be  the 
Yojuane  and  Tonkawa.  These  tribes  were  said  to  be  well  known  for  their 
practice  of  eating  the  flesh  of  the  enemies  they  killed  in  battle  (Margry, 
18  8  8).  During  the  next  decade,  some  Ervipiame  Indians  were  in  the  San 
Antonio  missions  (Bolton,  1907),  and  a  number  of  the  Mayeye  were  re¬ 
portedly  living  near  the  San  Gabriel  River,  a  western  branch  of  the  Brazos 
(Bolton,  1914b). 

In  1745  the  chiefs  of  the  Mayeye,  Yojuane,  and  Rancheria  Grande 
(Ervipiame)  formally  requested  missions  to  be  founded  in  their  own  ter¬ 
ritory.  About  the  year  1748,  Mission  San  Francisco  Xavier  de  Horcasitas 
was  established  for  the  Tonkawan  groups  on  the  San  Gabriel  River.  This 
mission,  however,  lasted  for  only  a  few  years,  after  which  the  various  sub¬ 
groups  again  became  dispersed  (Bolton,  1914b).  Some  of  the  Mayeye  were 
at  Mission  San  Antonio  de  Valero  during  the  1750’s  and  60’s  (Hodge, 
1907b,  1910).  In  1758  the  Tonkawa  proper  and  the  Yojuane,  in  conjunc¬ 
tion  with  Hasinai,  Bidai,  and  Comanche  Indians,  participated  in  an  attack 
on  the  San  Saba  mission,  which  had  been  established  for  the  Lipan  and 
other  eastern  Apache  Indians  (Dunn,  1914).  During  the  following  decade 
the  four  principal  sub-tribes  were  living  on  the  San  Gabriel  River  and 
were  again  requesting  missions  (Hodge,  1910). 

In  the  early  1770’s  the  Tonkawan  groups  were  found  still  living  be¬ 
tween  the  middle  reaches  of  the  Trinity  and  the  Colorado  rivers  (Informe, 
1772),  during  the  eighteenth  century  the  principal  area  of  Tonkawa  habi¬ 
tation.  But  by  1778  some  of  the  Mayeye  had  disassociated  themselves  from 
the  other  groups  and  were  living  on  the  coast  between  the  mouths  of  the 
Colorado  and  Brazos  rivers  with  the  Cocos  Indians,  a  Karankawan  tribe 
with  whom  the  Mayeye  had  earlier  been  associated  in  the  missions.  They 
also  were  intermarrying  with  them  (Expedicion,  1778;  Hodge,  1907b; 
Chabot,  1932).  In  1805,  some  of  the  Mayeye  were  apparently  living  farther 
down  the  coast  near  the  mouth  of  the  Guadalupe  River  (Sibley,  1807; 
Gatschet,  1891).  Little  is  known  about  them  after  this  date.  Dyer,  who 
studied  the  Karankawa  in  the  late  nineteenth  century,  states  that  some  of 
the  Mayeye  had  drifted  away  from  the  main  body  of  the  Tonkawa  and 
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had  become  more  Karankawan  than  Tonkawan  (Dyer,  1920a;  cf.  Gatschet, 
1891).  At  this  point  the  aforementioned  Tonkawa  tradition  concerning 
their  "lost”  kindred  might  be  recalled. 

By  the  end  of  the  eighteenth  century,  the  other  Tonkawan  groups 
began  to  be  considered  as  a  single  tribe  called  the  Tonkawa  (e.g..  Extract©, 
1779).  In  1782  some  of  these  Indians  were  receiving  stolen  horses  from 
the  Lipan  and  other  eastern  Apache  tribes,  giving  in  exchange  firearms 
obtained  from  the  French.  But  during  the  next  decade  the  Tonkawa  were 
engaged  in  wars  against  the  Lipan  and  were  stealing  horses  from  them 
(Hodge,  1910;  Munoz,  1790;  Ynformacion,  1793). 

In  the  first  decade  of  the  nineteenth  century  the  Tonkawa  Indians 
were  generally  found  in  the  area  between  the  Trinity  and  San  Antonio^  rivers 
(Sibley,  1807;  Cordedo,  1806;  Gatschet,  1891).  According  to  one  report, 
2  50  families  regularly  moved  back  and  forth  between  The  Brazos  and  San 
Marcos  rivers  (Noticias,  1809);  a  few  were  also  reported  near  the  Red 
River  at  this  time  (Pike,  1889).  In  the  1820’s  Tonkawa  Indians  again 
were  living  along  the  middle  and  lower  reaches  of  the  Guadalupe,  Colorado, 
and  Brazos  rivers  (Gulick  and  Allen,  1924).  It  was  also  during  this  period 
that  the  Tonkawa  came  to  be  closely  associated  with  a  segment  of  the  Lipan 
Apache,  (Hereafter  portions  of  these  two  tribes  were  frequently  found 
living  near  or  with  one  another.)  During  the  early  1820*s  the  Tonkawa 
on  the  lower  Colorado  and  Brazos  rivers  had  so  'Tnnoyed”  the  American 
settlers  that  the  latter  assembled  all  the  Tonkawa  living  in  that  vicinity 
at  a  place  on  the  Colorado  River  preparatory  to^  moving  them  out  of  the 
White  settlements.  At  this  point  a  Lipan  chief  arrived  with  a  letter  from 
Stephen  F.  Austin  stating  that  the  Lipan  Apache  had  agreed  to  take  charge 
of  the  Tonkawa.  The  Lipan  reportedly  took  them  out  of  the  White  settle¬ 
ments  to  an  area  between  the,  upper  Nueces  and  the  Rio  Grande.  The 
Tonkawa  remained  there  for  a  few  years  and  then  drifted  back  toward 
the  coast  (Gulick  and  Allen,  1924). 

.  In  the  next  decade— the  1830’s— the  Lipan  and  Tonkawa  jointly  raided 
White  settlements  or  the  camps  of  other  Indians  for  horses,  aided  the 
Whites  in  campaigns  against  a  number  of  tribes,  and  were  known  to  have 
hunted  together  between  the  Brazos  and  Colorado  rivers  (TeL  &  Tex, 
Reg.,  1839;  Brown,  1903;  De  Shields,  1907;  Wooten,  1898). 

The  1840's  was  a  period  of  considerable  disorganization  among  many 
of  the  Texas  Indian  tribes,  including  the  Tonkawa.  A  large  number  of 
Tonkawa  were  decimated  in  a  serious  epidemic  in  1843  (TeL  &  Tex.  Reg., 
1843c),  and  others  were  killed  in  the  continuing  inter-tribal  conflicts  (e.g,, 
TeL  &  Tex.  Reg.,  1842b,  1843a,  1844;  Der  deutsche  Auswanderer,  1847). 
During  this  decade  the  Tonkawa  Indians,  together  with  some  of  the  Lipan, 
fought  on  the  side  of  the  Texans  in  the  war  with  Mexico  (e.g.,  Tel.  and 
Tex,  Reg.,  1842a;  Gatschet,  1876,  1884).  Although  the  Tonkawa  moved 
about  considerably  during  this  period,  the  greater  part  of  the  tribe  seems 
to  have  been  concentrated  between  the  Colorado  and  the  Rio  Grande,  gen¬ 
erally  toward  the  Gulf  Coast  (e.g.,  TeL  &  Tex.  Reg.,  1840,  1843b,  1845; 
Gatschet,  18  84;  Texas  Centinel,  1841). 

The  next  decade,  the  18  50"s,  found  the  Tonkawa  Indians  gravitating 
toward  various  centers,  although  a  few  small  groups  were  still  scattered 
about  the  State  (Foreman,  1933).  As  a  result  of  their  becoming  increasingly 
destitute,  a  number  of  individuals  sought  food  and  shelter  from  American 
military  establishments  in  southern  Texas,  particularly  Fort  Inge  and  Fort 
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Clark  (Smith,  185  5;  Dallas  Herald,  1  8  59).  But  by  mid-1  8  5  5  most  of  them 
had  been  sent  to  the  Brazos  Agency  on  the  main  fork  of  the  Brazos  River 
(Smith,  1  8  5  5  ;  Neighbors,  18  5  5  ;  Koch,  1925  ).  The  Indians  at  this  agency 
— -Caddo,  Tawakoni,  Waco,  Kichai,  Shawnee,  Delaware,  Anadarko,  and 
Tonkawa — continued  to  hunt  in  the  surrounding  area.  They  began  to  incur 
the  wrath  of  White  settlers,  who  blamed  them  for  many  of  the  "depreda¬ 
tions”  which  had  taken  place.  As  a  result,  these  tribes  (including  about  245 
Tonkawa)  were  removed  from  Texas  in  the  year  18  59  and  settled  at  the 
Wichita  Reserve,  near  Fort  Cobb,  on  the  north  side  of  the  Washita  River, 
in  Indian  Territory  (Neighbors,  18  59a,  18  59b;  Koch,  1925;  Foreman, 

1946). 

Few  of  the  activities  of  the  Tonkawa  between  1860  and  18  80  were 
recorded.  The  Tonkawa  at  the  Wichita  Reserve  remained  there  after  the 
outbreak  of  the  Civil  War,  even  though  some  of  the  other  tribes  at  the 
reservation  fled  to  Kansas.  In  1862  occurred  the  "Great  Massacre”  of  the 
Tonkawa  by  other  tribes  at  the  Reserve,  Many  conflicting  reasons  have  been 
given  for  this  attack,  in  which  more  than  one-half  of  the  Tonkawa  present 
reportedly  were  killed  (Gatschet,  1884;  Swanton,  1942).  Some  of  the  sur¬ 
vivors  fled  to  nearby  Fort  Arbuckle,  where  they  stayed  for  a  short  time; 
then  in  1863  they  drifted  back  to  Fort  Belknap  in  northern  Texas  (Gat¬ 
schet,  1884;  Mooney,  1901;  Greer,  1932).  Afterwards  some  of  the  Tonkawa 
moved  into  the  Waco  area  in  central  Texas  and  lived  on  or  near  the  prem¬ 
ises  of  their  former  Indian  agent,  Captain  Shapley  P.  Ross.  They  remained 
here  until  about  1866  (Gatschet,  1884;  Greer,  1932). 

By  1872,  Tonkawa  Indians  were  reported  about  Fort  Griffin  and  in 
other  parts  of  northern  Texas;  here  some  individuals  served  as  scouts,  guides, 
and  spies  for  the  American  soldiers  (Gatschet,  1876).  In  1874,  rumors 
were  heard  that  the  Comanche  and  the  Wichita  were  planning  another 
"massacre”  of  the  Tonkawa,  who  were  then  given  the  protection  of  the 
soldiers  at  Fort  Griffin  and  were  provided  with  food,  clothing,  livestock, 
and  agricultural  implements  (Tonkawa  Indians,  1876;  Irvine,  1880;  Mooney, 
1901).  By  1876  a  few  Lipan  Apache  Indians  had  been  settled  with  them 
at  the  fort,  and  after  1878  the  Lipan  almost  invariably  are  mentioned  with 
the  Tonkawa.  These  gradually  came  to  be  considered  as  a  single  unit  (Ir¬ 
vine,  1880;  Report,  1884;  Sjoberg,  1953).  The  Tonkawa-Lipan  group  re¬ 
mained  in  the  vicinity  of  Fort  Griffin  until  October,  1884,  when  most  of 
them  were  removed  to  Oklahoma.  These  Indians  were  first  placed  on  the 
Iowa  Reservation,  but  in  June,  188  5,  they  were  permanently  settled  at  the 
Oakland  Agency  on  the  west  side  of  the  Chikaskia  River  in  the  north¬ 
eastern  part  of  Oklahoma  (Taylor,  1884;  Report,  1  88  5  ;  Foreman,  1937, 
V.  40).  Today  their  descendants  are  living  near  the  town  of  Tonkawa, 
Oklahoma.  Apparently  a  few  individuals  moved  from  Fort  Griffin  to 
northern  Mexico  about  the  year  1884;  the  descendants  of  these  Tonkawa 
were  found  still  living  near  the  town  of  Sabinas,  in  northern  Coahuila,  in 
1927  (Nance,  1952).  Unfortunately,  no  mention  of  this  appears  in  other 
sources. 

ECONOMIC  LIFE 

Hunting.  Through  hunting  these  Indians  obtained  many  of  the  neces¬ 
sities  of  life.  The  most  important  animal  sought  was  unquestionably  the 
bison  (Ynforme,  1772;  Bolton,  1914a;  Pike,  18  89).  And  even  though  these 
animals  decreased  rather  rapidly  in  numbers  after  the  middle  of  the 
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eighteenth  century,  the  Tonkawa  continued  their  bison  hunting  almost  up 
to  the  time  of  their  removal  to  the  Oakland  Reservation  (Gatschet,  1877). 
The  bison  provided  these  Indians  with  much  of  their  food,  and  the  skins 
were  used  in  making  clothing  and  tipis.  Bison  fat,  meat,  and  hides  were 
also  traded.  In  addition,  the  hoofs  and  bones  were  utilized  in  manufactured 
articles  (Sibley,  1807;  Noticias,  1809;  Bolton,  1914a). 

Some  information  is  available  on  the  methods  of  hunting  the  bison. 
The  weapons  used  were  the  bow  and  arrow,  the  spear  or  lance,  and  fire¬ 
arms  obtained  from  the  Whites.  Large  numbers  of  young  men  participated 
in  the  hunt;  this  may  imply  a  surround  (Sibley,  1807;  Gatschet,  1884; 
Pike,  1889;  Hoijer,  n.d.).  Although  no  specific  mention  is  made  of  horses 
being  employed  in  bison  hunting,  it  can  be  assumed  they  were  used,  for 
at  times  the  Tonkawa  had  large  herds  of  these  animals  (Pike,  1810). 

The  deer—valuable  both  for  its  meat  and  skins— tanked  next  to  the 
bison  in  economic  importance.  Deer  were  killed  either  with  rifles  or  with 
the  bow  and  arrow  (Ynforme,  1772;  Sibley,  1807;  Noticias,  1809;  Wooten, 
1898;  Dyer,  1923b,  1923e;  Hoijer,  n.d.).  Some  of  the  deerskins  of  the 
Tonkawa  served  as  a  medium  of  exchange  with  other  Indians  (Ynforme, 
1772).  The  dressed  skins  were  in  great  demand  among  the  White  settlers 
(Dewees,  18  58).  Sibley  (1807)  mentions  that  a  certain  trader  had  received 
5,000  deerskins  from  the  Tonkawa  in  one  year. 

The  Tonkawa  had  herds  of  horses;  some  of  these  were  obtained  through 
raids  and  used  for  transportation  purposes  and  in  battle  (Sanchez,  1939; 
Carter,  193  5).  Wild  horses  were  hunted  for  addition  to  the  herds,  and 
sometimes  these  were  sought  for  the  hair  from  their  manes  and  tails,  the 
rest  of  the  animal  being  abandoned  (Pike,  18  89;  Pike,  1932;  Dyer,  1923c; 
Hoijer,  n.d.). 

Pike  (1932)  has  described  a  wild  horse  hunt  in  which  the  Tonkawa 
used  a  "surround."’  A  large  number  of  men  moved  in  a  column,  a  leader 
at  the  head,  with  an  advance  guard  and  "flankers”  to  spot  the  horses. 
When  a  herd  of  wild  horses  was  sighted,  several  of  the  leading  men  of  the 
tribe  went  ahead  to  check  on  the  herd’s  location  and  the  direction  of  the 
wind.  The  hunters  kept  some  distance  away  from  the  herd,  and  at  intervals 
of  a  mile  or  so  small  groups  were  posted  around  the  herd  until  it  was  sur¬ 
rounded.  Then  at  a  signal  the  men  contracted  the  circle  as  much  as  pos¬ 
sible.  When  the  animals  scented  the  hunters,  they  stampeded.  They  ran  in 
various  directions,  seeking  to  escape.  This  continued  until  the  horses  were 
considerably  exhausted,  and  at  the  same  time  the  circle  was  steadily  closed. 
Many  of  the  animals  that  broke  through  the  circle  were  lassoed  by  the 
hunters.  Presumably  lassoes  were  also  used  to  capture  the  horses  left  in  the 
circle,  although  this  is  not  specifically  stated. 

The  wolf  reportedly  was  not  hunted,  for  the  Tonkawa  believed  that 
they  had  been  brought  into  the  world  by  this  animal  (Parker,  185  5  ;  Marcy, 
1866)  or  were  even  "descended”  from  it  (Gatschet,  1876,  1877;  Mooney, 
1901;  Pike,  1932);  (Nevertheless,  the  Tonkawa  were  in  possession  of  a 
number  of  wolf  skins,  which  were  used  in  performing  the  wolf  dance.) 
According  to  Gatschet  (1884),  the  Tonkawa  claimed  that  if  they  killed 
a  wolf  they  would  lose  their  sight  temporarily,  go  crazy,  or  contract  a  fever, 
unless  special  "medicines”  were  taken.  When  the  Tonkawa  encountered  a 
wolf  they  asked  him  to  provide  them,  with  deer  when  they  hunted.  And 
after  the  men  returned  to  camp  after  a  hunt,  they  hung  the  game  in  some 
trees,  first  conducting  special  rites  to  protect  it  from  being  carried  off  by 
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the  wolves.  The  Tonkawa  stated  that  on  one  occasion  a  member  of  the 
tribe  killed  a  deer  but  neglected  to  perform  the  necessary  ceremony  before 
hanging  up  the  meat  he  had  obtained.  When  he  returned,  the  meat  was 
gone,  whereas  that  belonging  to  the  other  Indians  had  been  left  intact. 

Apparently  the  taboo  on  killing  wolves  was  in  some  instances  extended 
to  include  the  coyote.  According  to  Gatschet  (1884),  the  Tonkawa  believed 
that  if  they  killed  a  coyote  or  a  wolf  they  would  become  ill  and  also  would 
be  unable  to  track  down  their  enemies.  And  it  may  be  noted  that,  like  the 
grey  wolf  which  Gatschet  (1884)  indicates  "owned”  the  earth,  the  coyote, 
according  to  Hoijer  (1933-8),  was  said  to  be  "the  owner  of  all  the  earth” 
and  his  permission  was  asked  when  hunters  entered  new  hunting  grounds. 

A  number  of  smaller  animals  were  caught  for  food:  skunks,  field  rats, 
rabbits,  prairie  turtles,  wild  turkeys,  and  rattlesnakes;  the  last  were  con¬ 
sidered  a  special  delicacy  (Marcy,  1866;  Tex.  State  Times,  18  5  5  ;  Gatschet, 
1884;  Dyer,  1923a;  Bolton,  1914a;  Foreman,  1937,  v.  93;  Hoijer,  n.d.). 
And,  at  least  in  the  late  nineteenth  century,  dogs  occasionally  were  eaten 
(Gatschet,  1884).  In  fact,  the  Tonkawa  ate  almost  anything,  including 
dead  animals  and  decomposed  food,  thus  earning  the  name  given  them  by 
the  settlers  of  Austin’s  Colony — the  Carrion  Indians  (Tex.  State  Times, 
1  8  5  5  ;  Dyer,  1923b,  1923d). 

Collecting  and  Fishing.  Collecting  ranked  next  to  hunting  in  the  Ton¬ 
kawa  economy,  and  in  the  first  half  of  the  nineteenth  century  it  became 
increasingly  important  as  a  means  of  securing  food.  Among  the  plant  foods 
gathered  were  a  number  of  herbs,  edible  roots  (including  groundnuts  and 
brier-roots),  and  wild  fruits  (Padilla,  1819;  Marcy,  1866;  Kuykendall, 
1903b;  Foreman,  1933  ;  Foreman,  1937,  v.  93).  Dyer^  (1923e,  1923f)  in¬ 
dicates  that  at  times  these  Indians  gathered  the  tuna  (fruit  of  the  Opuntia 
cactus),  pawpaws  {Asimina  triloba),  and  acorns.  Pecans  were  collected  in 
large  numbers,  particularly  in  the  month  of  October.  Occasionally  the 
Tonkawa  chopped  off  some  of  the  limbs  of  the  pecan  trees  in  order  to  se¬ 
cure  as  many  of  these  nuts  as  possible,  for  pecans  during  parts  of  the  nine¬ 
teenth  century  served  as  an  important  medium  of  exchange  (Smithwick, 
1900;  Gatschet,  1884).  At  the  height  of  the  pecan  gathering  season,  some 
of  the  Indians  assembled  to  gamble  with  each  other  for  at  least  part  of  the 
day’s  crop  (Gatschet,  18  84).  An  individual  would  shake  some  pecans  in 
his  hand  while  another  person  tried  to  ascertain  the  exact  number  of  nuts 
from  the  rattling  sound  they  made.  The  number  of  pecans  an  individual 
won  or  lost  depended  upon  the  accuracy  of  the  guess  (Nance,  1952). 

At  times,  fish  and  oysters  were  also  obtained  and  used  as  food  (Pa¬ 
dilla,  1819;  Wooten,  1898;  Dyer,  1916,  1920b;  Hoijer,  n.d.). 

Agriculttire.  The  Tonkawa,  a  nomadic  group,  relied  little  upon  agricul¬ 
ture.  In  fact,  a  few  writers  have  stressed  the  non-agricultural  character  of 
the  Tonkawa  economy  (e.g.,  Noticias,  1809;  Kuykendall,  1903a).  And 
according  to  Tonkawa  tradition,  an  injunction  had  been  received  from  the 
wolves,  which  supposedly  brought  the  Tonkawa  into  the  world,  not  to  plant 
crops  or  build  permanent  dwellings,  but  to  lead  the  predatory  existence  of 
these  animals  (Parker,  1  8  5  5  ;  Marcy,  1866).  According  to  Gatschet  (1884), 
the  Tonkawa  claimed  that  they  tried  to  follow  this  counsel;  however,  they 

^  Dyer  was  a  Galveston  physician  who  visited  the  Tonkawa  in  the  1870’s.  He  also 
secured  data  from  early  settlers  on  various  Texas  Indian  tribes,  including  the  Ton¬ 
kawa.  His  articles,  written  for  popular  consumption,  contain  data  which  seem  generally 
reliable,  but  which  should  be  used  with  caution. 
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also  stated  that  an  effort  had  once  been  made  to  cultivate  land  at  the  head¬ 
waters  of  the  Brazos  when  the  tribe  was  "strong  and  powerful”  but  that 
all  who  had  participated  in  the  planting  died. 

Reports  of  agriculture  among  the  Tonka wa  do  appear  after  the  middle 
eighteenth  century.  In  1778,  De  Mezieres,  although  he  emphasized  the  non- 
agricultural  orientation  of  the  Tonkawa  economy,  implied  that  these  In¬ 
dians  engaged  in  horticulture.  He  reported  that  a  bison  scapula  was  used 
as  a  hoe  to  break  up  the  soil  and  clear  the  land  (Bolton,  1914a).  (By  this 
date,  of  course,  the  Tonkawa  had  received  instruction  in  agriculture  while 
in  the  missions.)  During  the  nineteenth  century  they  grew  maize  and  to¬ 
bacco,  the  planting  being  done  by  the  women  (Tex.  State  Gazette,  18  50; 
Dyer,  1923c) . 

Food  Preparation.  Most  meat  was  cooked  by  roasting;  however,  some 
of  it  was  cured  by  the  women  (Sanchez,  1939).  Dried  venison  or  bison 
meat  was  pounded  and  mixed  with  pecan  meal  to  form  pemmican,  the 
principal  food  of  the  Tonkawa  when  they  were  traveling  or  on  the  war¬ 
path  (Texas  Sentinel,  1841;  Dyer,  1923c).  Other  kinds  of  meal  were  pre¬ 
pared  from  acorns,  groundnuts,  pawpaws,  or  brier-roots.  The  women  gath¬ 
ered  the  pawpaws,  v/hich  were  dried  and  pounded,  then  occasionally  mixed 
with  acorn  or  groundnut  meal.  Pecans  were  commonly  eaten,  but  in  the 
spring  these  were  first  roasted,  for  by  this  time  they  had  become  rancid  and 
required  some  further  preparation  to  make  them  edible  (Dyer,  1923c, 
1923e;  Kuykendall,  1903b). 

A  few  miscellaneous  facts  concerning  food  preparation  are  supplied 
by  Dyer  (1920b,  1923d,  1923f),  Before  the  tuna  (prickly  pear)  could  be 
eaten,  the  spines  had  to  be  removed.  For  this  purpose  the  Tonkawa  used 
pincers  made  from  slivers  of  deer  antler.  Food  was  occasionally  seasoned 
with  chili  made  from  the  berries  of  the  red  pepper  plant.  And  oysters  were 
said  to  be  "barbecued”  in  their  shells. 

Habitations.  Inasmuch  as  the  Tonkawa  led  a  nomadic  existence,  they 
built  rather  simple,  make-shift  shelters  almost  always  of  a  temporary  na¬ 
ture,  They  had  tipis  which  were  generally  small  and  constructed  of  poles 
covered  with  bison  hides.  The  Tonkawa  evidently  used  these  more  exten¬ 
sively  in  the  eighteenth  than  in  the  nineteenth  century,  for  the  tipis  di¬ 
minished  in  importance  with  the  gradual  disappearance  of  the  bison  and 
the  loss  of  the  bison  areas  to  other  more  powerful,  nomadic  tribes  (Expedi- 
ente,  1778;  Gatschet,  1884;  Mooney,  1901;  Bolton,  1914a;  Chabot,  1932; 
Foreman,  1937,  v.  40;  Hoijer,  n.d.). 

Brush  shelters  were  also  used.  These  were  small,  temporary  dwellings, 
which  were  abandoned  whenever  the  Indian  moved  camp.  First,  a  frame¬ 
work  of  poles  and  light  branches  was  set  up  in  the  form  of  a  cone.  Over 
this  were  laid  smaller  branches,  bark,  "brushwood,”  or  mesquite.  Occas¬ 
ionally  this  structure  was  thatched  with  grass  or  covered  over  with  a  few 
bison  hides.  The  only  mention  of  the  internal  arrangement  of  this  dwelling 
is  a  statement  that  a  fire  was  laid  in  the  center  (Marcy,  1866;  Gatschet, 
1884;  Mooney,  1901;  Sanchez,  1939).  In  late  times  the  Tonkawa  used 
lodges  which  were  five  to  seven  feet  high,  flat  on  top,  and  open  on  one  or 
two  sides.  The  framework  of  branches,  canes,  or  sticks  was  covered  with 
brushwood  or  with  sailcloth,  blankets,  or  skins  (Gatschet,  18  84,  1891). 

The  Tonkawa  erected  special  brush  shelters  for  certain  ceremonial 
purposes— large  dance  lodges,  parturition  lodges,  and  menstrual  lodges 
(Parker,  18  5  5  ;  Marcy,  1866;  Gatschet,  1884). 
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Clothing.  The  clothing  of  the  Tonkawa  Indians,  except  for  some  items 
which  were  secured  through  trade,  e.g.,  cloth  shirts,  trousers,  and  blankets, 
consisted  primarily  of  bison  hides  or  deer  skins;  these  last  were  sometimes 
heavily  beaded  (Gatschet,  18  84;  Mooney,  1901;  Bolton,  1914a;  Foreman, 
1937,  V.  104).  It  is  said  that  when  bison  hides  were  unobtainable,  the 
Tonkawa  used  bear  or  wolf  skins  (Sambrano,  1815),  The  women  generally 
prepared  the  skins.  Bison  hides  were  worn  with  the  hair  left  on.  Deer  skins, 
however,  were  scraped  on  both  sides,  first  having  been  soaked  in  "lye 
water”  made  from  leaching  wood  ashes  (Dyer,  1923c;  Sanchez,  1939). 
(This  leaching  process  may  have  been  copied  from  the  practices  of  White 
settlers.)  Next,  bison  brains  or  the  juices  of  certain  plants  were  rubbed  into 
the  hides;  after  that  the  skins  were  further  softened  by  pounding  and  scrap¬ 
ing  with  flint  knives  (Bolton,  1914a;  Dyer,  1923c), 

Men  sometimes  wore  only  a  breechclout  of  deerskin  or  cloth.  These 
were  said  to  be  quite  long  (Red,  1913);  in  fact,  according  to  Gatschet 
(1884),  the  Comanches  called  the  Tonkawa  "Kadikos,”  meaning  "long 
breechclout.”  Other  articles  of  men’s  clothing  reported  on  various  occasions 
were  skin  shirts  or  "jackets,”  beaded  moccasins  of  buckskin  or  bison  hide, 
and  leggings,  belts,  garters,  and  robes  of  bison  hide  (Gatschet,  1884;  Smith- 
wick,  1900;  Mooney,  1901;  Red,  1913;  Bolton,  1914a;  Dyer,  1920a).  In 
addition,  Tonkawa  men  wore  earrings  or  necklaces  of  bones,  shells,  or 
feathers.  In  the  hair,  they  had  feathers  or  trinkets  made  of  bison  hair,  bone, 
or  shell.  The  men  wore  their  hair  long  and  parted  in  the  middle;  they  also 
braided  it  with  cloth  or  wrapped  it  in  strips  of  fur,  e.g.,  beaver  hide.  Oc¬ 
casionally  oil  was  applied  to  the  hair  (Gatschet,  18  84;  Mooney,  1901;  Red, 
1913;  Bolton,  1914a;  Carter,  1925;  Opler,  1939;  Sanchez,  1939). 

In  preparation  for  a  battle,  the  warriors  put  on  headdresses  of  horns 
and  feathers  and  red  flannel  (Bolton,  1914a),  and  they  painted  themselves 
and  their  horses  in  stripes  (Carter,  193  5  ).  The  men  decorated  their  faces 
with  special  designs  and  colors.  Certain  of  them  had  the  privilege  of  paint¬ 
ing  in  a  certain  way,  and  this  pattern  could  be  used  by  an  individual  only 
if  it  was  transferred  to  him.  The  designs  were  said  to  be  imitated  in  the 
beadwork.  Among  the  colors  used  in  face  and  body  painting  were  red, 
green,  yellow,  and  black.  These  pigments  were  sometimes  mixed  with  saliva 
and  applied  in  daubs  (Gatschet,  1884;  Carter,  193  5  ;  Opler,  1939). 

Few  descriptions  of  women’s  clothing  are  extant.  According  to  some 
accounts,  the  women  wore  little  clothing.  Sanchez  (1939),  who  visited  the 
Tonkawa  in  1828,  states  that  a  small  piece  of  deerskin  which  served  as  a 
skirt  was  the  only  article  of  clothing  worn  by  the  women.  A  decade  later, 
another  observer  claimed  that  some  of  the  women  he  saw  were  wearing 
only  a  skirt  of  bison  or  deer  hide;  however,  others  had  an  additional  piece 
of  hide  draped  about  their  shoulders.  The  skirts  worn  by  the  younger  women 
had  tinkling  ornaments  attached  to  the  hem  (Red,  1913).  An  article  by 
Mooney  (1901)  contains  photographs  from  late  times  showing  a  Tonkawa 
woman  wearing  woolen  blankets,  a  cloth  dress,  and  skin  moccasins. 

Women  parted  their  hair  in  the  middle  and  wore  it  sometimes  long, 
sometimes  short.  Paint  was  applied  in  black  stripes  to  the  mouth,  nose,  and 
back.  On  each  breast  black  stripes  were  painted  in  concentric  circles  extend¬ 
ing  from  the  nipple  to  the  base  of  the  breast  (Sanchez,  1939;  Mooney, 
1901).  Women  also  tattooed  themselves  with  charcoal  and  with  various  col- 
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ored  ingredients  (Gatscliet,  18  84).  Apparently  they  wore  fewer  ornaments 
than  the  men,  earrings  and  elaborate  shell  necklaces  being  the  only  articles 
noted  (Sanchez,  1939;  Mooney,  1901). 

Weapons.  An  important  weapon  was  the  bow  and  arrow,  which  was 
used  in  warfare  and  in  hunting  bison  and  deer  (Sibley,  1807;  Gatschet, 
1884;  Lubbock,  1884;  Kuykendall,  1903b;  Bolton,  1914a;  Hoijer,  n.d.). 
The  bow  string  was  generally  fashioned  from  bison  sinew.  Arrow  shafts 
were  sometimes  made  from  dogwood,  and  the  arrow  points  were  appar¬ 
ently  attached  to  the  shafts  by  means  of  glue  obtained  from  bison  hoofs. 
The  arrows  were  supposedly  "poisoned”  with  the  juice  of  the  mistletoe 
leaf  (this,  however,  is  known  to  be  non-poisonous) .  Finally,  quivers  for 
carrying  bows  and  arrows  are  mentioned  (Gatschet,  1884;  Bolton,  1914a; 
Foreman,  193  5). 

Other  weapons  were  the  spear  and  the  lance,  used  in  warfare  and  in 
bison  hunting  (Gatschet,  1884;  Bolton,  1914a).  The  Tonkawa  obtained 
firearms  from  the  Whites  and  used  these  in  battle  and  for  hunting  purposes 
(Gatschet,  18  84;  Wooten,  1898;  Bolton,  1914a).  Here,  too,  "poison”  made 
from  the  mistletoe  leaf  was  reportedly  used.  It  was  not  placed  directly  on 
the  bullet  but  inserted  into  the  barrel  of  the  gun  (Gatschet,  1884),  As  de¬ 
fensive  armor  the  Tonkawa  wore  "jackets,”  helmets,  and  shields  of  dressed 
hides  (Bolton,  1914a;  Dyer,  1920a). 

Miscellaneotis  Handicrafts.  Some  additional  items  of  Tonkawa  material 
culture  have  been  recorded.  Harnesses  and  lassoes  were  made  of  bison  hides. 
The  hair  of  this  animal  served  in  making  ropes,  belts,  and  girths.  Bison 
sinew  was  used  in  sewing  skins  for  clothing,  and  bison  horn  was  shaped 
into  spoons  and  drinking  vessels  (Bolton,  1914a). 

Dyer  (1923c,  1923d,  1923e,  n.d.)  mentions  a  few  other  articles  manu¬ 
factured  by  the  Tonkawa.  These  include  rope  made  from  the  tails  and  manes 
of  horses,  as  well  as  rope  and  coarse  cloth  manufactured  from  the  inner 
bark  of  the  mulberry  tree.  He  also  notes  that  they  wove  baskets  and  grass 
mats.  They  made  pots  of  fired  clay;  the  material  was  said  to  be  a  superior 
white  clay  resembling  kaolin  found  near  the  Colorado  River,  This  pottery 
was  apparently  traded  with  other  tribes  and  with  White  settlers. 

The  Tonkawa  also  possessed  pipes.  Gatschet  (1884)  reports  that  the 
old  men  were  still  smoking  these  at  the  time  he  visited  them.  Musical  in¬ 
struments  were  rattles  made  of  gourds  containing  pebbles  or  buckshot,  and 
drums  consisting  of  a  metal  container  with  a  deerskin  head  or  simply  a 
deer  hide  tightly  stretched  over  a  hoop  (Gatschet,  18  84;  Opler,  1939). 

social  organization 

The  various  Tonkawan  "sub-tribes,”  when  first  encountered  by  Euro¬ 
peans,  were  politically  autonomous  groups.  By  the  late  eighteenth  century, 
however,  these  divisions  began  to  be  considered  merely  bands  of  a  single 
tribe  called  the  Tonkawa.  Besides  the  chiefs  of  these  bands  there  was  now 
a  principal  chief  for  the  tribe  as  a  whole  (Hodge,  1907b,  1910;  Bolton, 
1914a).  In  addition,  both  regular  and  war  chiefs  among  the  Tonkawa  have 
been  noted  (Sowell,  1893;  Pike,  1932).  When  a  chief  died,  his  successor 
was  elected  by  the  men  of  the  tribe  (Kenney,  1897). 

According  to  Kenney  (1897),  the  Tonkawa  tribe  comprised  two  large 
divisions,  each  of  which  was  divided  into  a  number  of  totemic  clans.  He 
observed  that  when  the  Tonkawa  met  in  council,  the  men  assembled  in  two 


290 


The  Texas  Journal  of  Science 


1953,  No.  3 
September 


groups,  one  on  each  side  of  the  council  "fire.”  If  these  divisions  were 
moieties,  they  were  apparently  agamous;  for,  according  to  Gatschet  (1884), 
one  could  marry  into  any  clan  except  one’s  own. 

The  totemic  clans  of  the  Tonkawa  had  such  names  as  bear,  wolf,  buf¬ 
falo,  "a  kind  of  short  snake,”  "the  real  Tonkaways,”  "mouth  open,”  acorn, 
"blinking  with  the  eyelids,”  "long  genitals”;  a  Tonkawa  word,  "Meyei,” 
signifying  "dizziness”;  and  two  others  whose  names  have  not  been  trans¬ 
lated — these  are  "Sanux”  and  "Kwesh”  (Gatschet,  1884),  Bolton  (Hodge, 
1910)  suggests  that  the  "Sanux”  clan  may  have  been  a  carry-over  of  the 
earlier  Sana  group  mentioned  above.  Likewise,  the  "Meyei”  clan  may  origi¬ 
nally  have  been  the  Mayeye  sub-group  (Gatschet,  18  84).  These  contentions 
are  supported  to  some  extent  by  the  fact  that,  according  to  Kenney  (1897), 
there  was  a  chief  at  the  head  of  each  clan. 

Clan  membership  was  according  to  matrilineal  descent — children  be¬ 
longed  to  their  mother’s  clan.  Thus,  a  man’s  property  which  had  not  been 
destroyed  or  buried  did  not  go  to  his  own  children  but  to  his  sister’s  chil¬ 
dren,  for  these  belonged  to  his  own  clan  (Kenney,  1897;  Hoijer,  1933-8). 
In  case  of  divorce,  the  wife  kept  the  children,  but  she  was  supposed  to  re¬ 
turn  the  marriage  gifts  (such  as  horses)  which  had  been  presented  to  her 
mother.  And  when  a  mother  died,  the  children  went  to  her  relatives,  not 
to  the  father  or  his  family  (Gatschet,  1884).  Residence  after  marriage 
was  matrilocal  (Hoijer,  1933-8). 

Gatschet  collected  some  kinship  terms,  but  these  are  fragmentary  and 
quite  contradictory.  The  kinship  terminology  collected  by  Lesser  and  Hoijer 
in  the  1920’s  is  much  more  complete,  although  som.e  inconsistencies  do 
appear.  Nevertheless,  the  following  usages  seem  clear.  Mother’s  sister  was 
called  mother.  Likewise,  a  single  term  was  used  for  father  and  father’s 
brother.  Separate  terms  were  used  for  father  and  father’s  sister,  and  mother 
and  mother’s  brother.  Parallel  cousins  were  grouped  with  siblings.  Cross¬ 
cousins  seem  occasionally  to  have  been  designated  as  siblings;  usually,  how¬ 
ever,  the  practice  was  to  set  them  off  clearly  from  siblings  and  parallel 
cousins  in  the  kinship  terminology.  Overriding  of  generation  levels  occurs 
in  certain  classificatory  terms:  father’s  sister’s  daughter  is  classed  with  fath¬ 
er’s  sister  and  mother’s  brother’s  daughter  with  brother’s  daughter  (Hoijer, 
1933-8),  It  is  evident,  even  on  the  basis  of  these  few  terms,  that  the  Ton¬ 
kawa  kinship  system  fits  the  Crow  system  as  defined  by  Murdock  (1949). 

Both  the  sororate,  in  which  a  man  marries  the  sister  of  his  deceased 
wife,  and  sororal  polygny  were  practiced  (Hoijer,  1933-8).  Several  other 
sources  mention  the  occurrence  of  polygyny  among  the  Tonkawa  (e.g.,  Pa¬ 
dilla,  1819),  but  it  is  not  stated  whether  this  was  restricted  to  mere  sororal 
polygyny.  And  it  can  be  inferred  from  the  kinship  terminology  that  the 
levirate  was  occasionally  practiced  (Hoijer,  193  3-8  ). 

A  strong  pattern  of  avoidance  existed  between  a  man  and  his  parents- 
in-law:  they  were  to  cover  their  faces  in  each  other’s  presence.  Particu¬ 
larly  was  a  man  prohibited  from  speaking  to  his  wife’s  mother  or  even  look¬ 
ing  at  her  if  this  could  be  circumvented.  Somewhat  milder  rules  of  avoid¬ 
ance  existed  between  a  girl  and  her  father-in-law  (Hoijer,  1933-8;  Gatschet, 
18  84;  Mooney,  1901), 
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CUSTOMS  AND  CEREMONIES 

Customs  Connected  with  Birth  and  Child -rearing.  Nothing  is  known 
of  the  taboos  which  were  incumbent  upon  a  prospective  mother.  However, 
her  husband  was  supposed  to  refrain  from  touching  any  kind  of  bird,  whe¬ 
ther  alive  or  dead,  and  he  was  not  permitted  to  break  the  marrow-bones 
of  deer,  bison,  and  other  animals- — otherwise  the  child  would  be  born  with 
weak  legs  (Gatschet,  18  84). 

when  childbirth  seemed  imminent,  the  woman  was  sent  to  the  special 
parturition  lodge  where,  at  least  in  late  times,  she  was  to  remain  alone.  A 
rope  suspended  from  the  ceiling  in  the  center  of  the  lodge  was  grasped  by 
the  mother  during  parturition.  After  the  birth  of  the  child,  the  mother  was 
supposed  to  bathe  in  a  river  before  twenty-four  hours  had  passed.  She  also 
applied  white  clay  to  her  face  and  hair  (Foreman,  19'37,  v.  104;  Gatschet, 
1884). 

Both  parents  were  to  abstain  from  smoking  and  using  firearms  for 
four  days  after  the  birth  of  the  child,  otherwise  its  eyes  would  be  weak¬ 
ened.  The  use  of  a  cradle-board  among  the  Tonkawa  is  not  specifically  stated. 
However,  we  know  that  the  infant  was  wrapped  in  a  cloth  and  tied  with 
strings  and  carried  about  strapped  over  the  mother’s  shoulder.  The  child’s 
head  was  flattened,  a  piece  of  wood  serving  as  a  press,  almost  from  the  time 
of  birth  until  the  child  was  fourteen  or  fifteen  months  old.  Tonkawa  chil¬ 
dren  generally  were  not  named  until  they  were  from  two  to  three  years 
of  age.  Little  is  known  about  the  rearing  of  older  children,  except  that  they 
were  said  to  be  seldom  punished  (Foreman,  1937,  v.  104;  Gatschet,  1884). 

Customs  and  Beliefs  Connected  with  Death.  A  special  ceremony  was 
held  when  a  member  of  the  tribe  was  thought  to  be  dying.  According  to 
Nance  (1952),  the  patient’s  friends  came  to  the  tipi  where  he  lay.  Some 
of  these  formed  a  circle  about  him  and  placed  their  hands  on  his  body.  Other 
friends  formed  a  circle  around  the  first  one,  resting  their  hands  on  the 
shoulders  of  the  individuals  making  up  the  inner  circle.  Several  more  circles 
were  created  in  the  same  manner.  The  participants  maintained  this  position 
while  they  "chanted”  and  swayed  from  one  foot  to  the  other.  The  par¬ 
ticular  ceremony  described  by  Nance  lasted  all  night  until  the  patient  died 
at  dawn. 

Considerable  information  on  burial  customs  is  available.  Although 
certain  inconsistencies  in  the  data  do  occur  (probably  because  the  burial 
practices  varied  under  different  conditions),  there  is  considerable  agreement 
in  the  accounts,  especially  between  those  of  Gatschet  and  Foreman. 

The  Tonkawa  Indians  apparently  never  cremated  their  dead  (Gatschet, 
18  84).  Instead,  the  deceased  was  buried,  on  the  day  of  death  whenever  pos¬ 
sible.  However,  the  bodies  of  important  men  such  as  chiefs  were  said  to  lie 
in  state  for  awhile  (Gatschet,  18  84;  Smithwick,  1900;  Foreman,  1937, 
V.  40). 

Relatives  and  friends  of  the  deceased  abstained  from  food  until  the 
burial  took  place.  They  also  went  to  the  home  of  the  deceased,  bearing 
gifts  to  be  buried  with  the  body  (Foreman,  1937,  v.  40,  v.  104).  The  grave 
was  dug  to  a  depth  of  about  six  or  seven  feet  (Foreman,  1937,  v.  40; 
Gatschet,  1884).  Before  the  individual  was  interred,  his  hair  was  cut,  his 
face  was  painted  yellow,  and  he  was  wrapped  in  a  number  of  blankets  or 
bison  skin  robes.  In  the  grave,  beside  the  body,  were  placed  certain  personal 
possessions  of  the  deceased;  clothing,  guns,  and  saddles  are  among  the  items 
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mentioned.  Gifts  and  provisions  were  also  placed  there  for  the  journey  to 
the  afterworld.  And  such  special  items  as  enemy  scalps  were  buried  with 
the  owner.  If  the  deceased  was  a  woman,  the  beads  were  first  torn  from  any 
beaded  garments  she  might  have  owned;  they  were  then  placed  together  in 
a  pile  in  the  grave  (Gatschet,  18  84;  Smithwick,  1900;  Foreman,  1937,  v. 
40,  V.  104).  On  the  other  hand,  some  of  the  deceased’s  belongings  were 
destroyed.  The  ashes  from  a  man’s  pipe  were  taken  out  and  hidden.  And, 
according  to  Foreman’s  data,  the  belongings  the  individual  had  with  him  at 
the  time  of  his  death  were  burned  (Gatschet,  1884;  Foreman,  1937,  v.  30). 

According  to  Gatschet  (1884),  the  various  articles  of  burial  furni¬ 
ture  were  merely  placed  in  the  grave  with  the  body.  Mooney  (1901), 
however,  states  that  all  small  objects  were  placed  above  the  body.  And  ac¬ 
cording  to  Foreman’s  data  (1937,  v.  40,  ,v.  104),  which  was  obtained  from 
individuals  who  had  lived  with  the  Tonkawa  in  Oklahoma  in  the  late  1800’s 
and  early  1900’s,  the  various  objects,  except  those  thought  to  be  too  large, 
were  first  wrapped  in  blankets.  Then  all  were  rolled  up  together  to  form 
one  large  blanket  roll  which  was  sometimes  three  or  four  feet  in  diameter. 
This  was  placed  in  the  grave  beside  the  body,  along  with  certain  large  items 
such  as  cooking  utensils. 

The  Tonkawa,  according  to  Mooney  (1901),  shot  the  individual’s  fa¬ 
vorite  horse  and  dog  over  the  grave  “mound.”  Others  have  supplied  some¬ 
what  similar  data — that  a  horse  belonging  to  the  deceased  was  killed  and 
placed  on  the  grave  (Gatschet,  18  84;  Foreman,  1937,  v.  30).  We  do  not 
know  how  widely  this  was  practiced.  Nor  are  we  certain  that  the  animal 
was  not  buried  along  with  the  individual.  If  the  animal  was  placed  over 
the  grave,  it  seems  unlikely  that  it  was  left  there,  for  seme  reports  indicate 
that  the  Indians  removed  all  evidence  of  burial  (Smithwick,  1900),  some¬ 
times  using  a  handful  of  weeds  to  sweep  the  ground  clear  (Foreman,  1937, 
V.  40).  And  the  statements  of  Foreman  (1937,  v.  40)  and  Gatschet  (1884) 
indicate  that  no  mounds  or  other  markings  appeared  over  the  grave;  the 
Tonkawa  believed  that  their  enemies  would  scalp  the  Tonkawa  dead  when¬ 
ever  these  were  found.  Furthermore,  the  Tonkawa  were  said  to  move  camp 
after  the  death  of  a  member,  being  careful  to  obliterate  every  evidence  of 
occupation  (Smithwick,  1900;  Foreman,  1937,  v.  40).  Although  Smithwick 
states  that  the  Indians  moved  immediately,  this  seems  to  be  inconsistent  with 
other  data. 

Often  an  old  man  stood  at  the  west  end  of  the  grave;  the  other  mem¬ 
bers  of  the  band  were  assembled  nearby.  This  individual  made  a  short  state¬ 
ment  to  the  group,  then  reached  down,  picked  up  some  dirt,  and  threw  it 
across  the  grave,  all  the  while  directing  certain  remarks  to  the  deceased. 
He  then  repeated  the  rite  at  the  east  end  of  the  grave  (Foreman,  1937,  v. 
40). 

After  burial,  the  Tonkawa  engaged  in  a  three-day  mourning  period 
(Gatschet,  18  84;  Foreman,  1937,  v.  40).  During  this  time  singing  was 
not  permitted  and  public  demonstrations  of  sorrow  were  made  by  the  band 
as  a  whole,  especially  at  daybreak  and  at  sunset  (Gatschet,  18  84;  Foreman, 
1937,  V.  40;  Smithwick,  1900).  The  mother  of  the  deceased  wailed  loudly 
and  slashed  her  breasts  repeatedly  with  a  knife;  she  also  cut  off  the  nipples 
when  a  son  was  killed  in  battle.  At  the  end  of  the  mourning  period,  the 
chief  spoke  briefly  to  members  of  the  band  who  were  gathered  in  a  circle 
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near  the  burial  site.  After  this  the  name  of  the  deceased  was  never  again 
to  be  mentioned  (Foreman,  1937,  v.  30,  v.  40;  Gatschet,  1884;  Mooney, 
1901). 

Immediately  after  the  close  of  the  mourning  period  a  smoking  cere¬ 
mony  was  held.  This  lasted  for  four  days.  During  this  time  members  of  the 
band  gathered  to  smoke  under  the  direction  of  a  leader,  apparently  in  the 
morning  only.  The  Tonkawa  generally  sat  down  together  to  talk  quietly 
and  to  blow  smoke  toward  "God”  in  the  sky.  During  the  smoking  period 
relatives  and  friends  went  to  the  home  of  the  deceased’s  family  bearing 
gifts  of  clothing,  bedding,  cooking  utensils  and  other  articles  to  replace 
those  which  had  been  buried  with  the  deceased  or  destroyed  (Gatschet,  1884; 
Foreman,  1937,  v.  40). 

Some  data  are  available  on  Tonkawa  beliefs  concerning  the  spirits  of 
the  dead,  A  Tonkawa  was  buried  with  his  head  pointing  toward  the  west, 
for  the  spirits  of  all  dead  organisms  supposedly  traveled  in  that  direction. 
(Apparently  for  this  reason  the  Tonkawa  avoided  sleeping  with  their  heads 
to  the  west.)  Furthermore,  the  Tonkawa  were  said  to  have  a  home  "where 
the  sun  sets.”  The  spirits  of  women  were  believed  to  move  immediately  to 
the  west,  singing  as  they  went;  however,  the  spirits  of  the  men  looked  back 
at  relatives  and  cried  out  to  them:  "mother,”  "sister,”  etc.  (Gatschet,  1884). 

The  Tonkawa  also  believed  that  if  an  individual  was  not  properly 
buried  his  spirit  would  haunt  those  responsible.  They  felt  that  the  owl  was 
the  spirit  of  some  of  the  dead,  as  was  the  wolf;  thus  the  Tonkawa  claimed 
that  they  would  not  shoot  owls  or  wolves.  The  Indians  avoided  places,  es¬ 
pecially  at  night,  where  sounds  resembling  "whistling”  or  "the  throwing 
of  stones”  were  heard,  for  these  noises  were  attributed  to  the  actions  of  the 
spirits  of  the  dead.  And  when  spirits  haunted  a  place  which  was  inhabited 
by  people,  these  individuals  would  not  live  long.  Some  persons  were  thought 
to  be  struck  with  sticks  or  stones  thrown  by  spirits.  This  was  taken  to 
mean  that  these  Tonkawa  would  shortly  die.  Then,  too,  if  a  dead  relative 
called  on  someone  in  a  dream,  that  person  would  soon  die  (Gatschet,  1884). 

As  noted  previously,  the  Tonkawa  did  not  mention  the  name  of  a  dead 
individual,  for  his  spirit  might  hear  it  and  take  revenge  on  those  who  had 
disturbed  his  rest.  Thus  the  Tonkawa  changed  the  names  of  living  persons 
which  sounded  at  all  similar  to  those  belonging  to  the  deceased.  A  person 
interviewed  by  Gatschet  originally  had  been  called  "Nehatcha.”  When  a 
woman  named  "Naxtcha”  died,  the  man’s  name  was  thought  to  be  similar 
to  that  of  the  dead  woman  and  thus  was  changed  to  "Tanu.”  In  late  times, 
Comanche  names  were  used,  for  a  large  number  of  Tonkawa  personal  names 
had  evidently  dropped  out  of  general  usage  because  of  the  aforementioned 
custom.  In  their  relations  with  White  men,  the  Tonkawa  adopted  White 
men’s  names  or  attempted  to  translate  their  own  into  English,  for  it  was 
felt  that  this  could  be  done  without  adverse  effects  on  the  actions  of  the 
spirits  (Gatschet,  18  84). 

Medicinal  Practices.  The  Tonkawa  Indians  had  shamans  (Foreman, 
1937,  V.  40;  Hoijer,  n.d.).  However,  nothing  is  known  of  their  duties  be¬ 
yond  the  fact  that  they  engaged  in  curing.  One  of  these  curing  ceremonies, 
or  "medicine  dances,”  has  been  described  by  a  person  who  witnessed  it  at 
about  the  beginning  of  this  century.  When  a  member  of  the  band  was  sick, 
the  Tonkawa  erected  a  tipi  with  the  door  facing  the  east.  Then  a  hole  was 
dug  in  the  earth  in  the  center  of  the  tipi  about  two  inches  deep  and  four 
to  five  inches  in  diameter.  This  served  as  a  fire  place.  The  patient  entered 
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the  tipi,  turned  to  his  left,  and  walked  around  the  fire.  He  then  sat  on  a 
blanket  spread  on  the  ground  while  the  shaman  conducted  his  rites,  which 
consisted  of  rubbing  the  patient  with  his  hands  and  applying  '"'medicine” 
to  his  body,  all  the  while  pronouncing  certain  formulas.  At  the  close  of  the 
ceremony,  the  patient  rose  and  left  the  tipi,  again  turning  to  his  left  (Fore¬ 
man,  1937,  V.  40) . 

With  regard  to  other  medicinal  practices,  we  find  that  bear  claws  were 
thought  to  be  effective  in  curing  or  alleviating  a  number  of  diseases.  A 
remedy  for  a  specific  ailment  was  the  following;  Bleeding  of  the  hand  or 
arm  was  stopped  by  holding  the  patient’s  arm  up  against  a  tree  to  allow  the 
blood  to  recede.  Horse  manure  was  then  applied  to  the  wound  (Gatschet, 
1884). 

Amulets,  called  by  the  Tonkawa,  "bead  medicine,”  were  carried  (Marcy, 
1866).  An  amulet  described  by  Gatschet  (1884)  was  a  small  bag  contain¬ 
ing  the  roots  of  a  number  of  plants;  this  was  worn  suspended  under  one 
arm.  It  was  supposed  to  heal  disease  by  controlling  the  actions  of  the  in¬ 
visible  spirits  which  seem  to  have  pervaded  much  of  Tonkawa  life.  Carter 
(  193  5  )  mentions  another  amulet  which  was  thought  to  ward  off  illness 
and  danger.  This  was  a  small  bag  containing  several  pieces  of  skin  which 
had  been  cut  from  each  breast  of  an  enemy  and  later  dried  in  the  sun.  It 
was  worn  next  to  the  body,  secured  by  a  string. 

The  Tonkawa  had  other  beliefs  concerning  the  prevention  of  illness. 
For  example,  they  believed  that  snake  bite  would  result  if  stories  were  re¬ 
counted  in  the  summer.  And  the  men  generally  avoided  the  menstrual  huts 
for  fear  they  would  suffer  from  hemorrhages.  During  the  early  menstrual 
periods  (it  is  not  clear  how  many),  a  girl  and  her  parents  drank  from  dif¬ 
ferent  cups,  which  were  later  thrown  away,  and  the  girl  was  prohibited 
from  eating  any  kind  of  fish  (Gatschet,  18  84) , 

Cannibalism.  One  of  the  practices  for  which  the  Tonkawa  were  best 
known  was  cannibalism.  Although  actual  descriptions  of  cannibalistic  cere¬ 
monies  are  available  only  from  the  nineteenth  century,  cannibalism  was  re¬ 
ported  by  Du  Rivage  as  early  as  1719  (Margry,  1888).  The  Tonkawa  were 
called  by  other  tribal  groups  "cannibal  Indians”  or  "man-eaters,”  And  as 
anthropophagites,  they  were  generally  despised  by  other  Indians,  except  the 
Lipan  Apache  (Gatschet,  1884;  Daily  Oklahoman,  1903;  Nye,  1937).  For 
among  their  victims  were  numbered  the  Waco,  Karankawa,  Seminole, 
Shawnee,  Kiowa,  Kichai,  and  particularly  the  Comanche  (e.g.,  Bollaert,  18  50; 
Seele,  1936;  Foreman,  1937,  v.  4.  And  one  report  states  that  they  ate  mem¬ 
bers  of  their  own  tribe — "not  only  those  who  were  already  dead  but  persons 
who  were  ill  and  about  to  die”  (Foreman,  1933).  This,  however,  is  not  sub¬ 
stantiated  by  other  sources. 

The  eating  of  human  flesh  seems  to  have  been  closely  associated  with 
ceremonial  activities  connected  with  war.  Most  often  it  was  concerned  with 
the  celebration  of  a  victory.  However,  the  Tonkawa  also  consumed  por¬ 
tions  of  an  enemy  to  avenge  the  death  of  a  Tonkawa  warrior,  to  deprive 
the  enemy  dead  of  the  possibility  of  living  a  second  life  and  taking  revenge 
on  the  Tonkawa,  and  to  acquire  some  of  the  enemy’s  courage  (Gatschet, 
18  84;  Margry,  1888;  Wooten,  1898;  Baker,  193  5  ;  Pike,  1932). 

Kuykendall  has  described  one  ceremony  in  which  the  Tonkawa  did 
not  actually  eat  the  flesh  of  the  enemy  but  merely  laid  small  portions  of 
it  on  their  tongues.  After  this  they  danced  around  the  fire  for  a  while,  then 
spit  out  these  pieces  of  flesh  into  the  fire,  where  the  rest  of  the  corpse  had 
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been  thrown  (Wooten,  1898).  However,  most  reports  of  cannibalistic 
practices  state  that  portions  of  the  enemy  were  actually  eaten,  particularly 
the  hands,  feet,  and  strips  of  flesh  from  the  legs,  thighs,  or  ribs  (Der  deutsche 
Auswanderer,  1847;  Brown,  1903;  Mooney,  1901;  Wooten,  1898;  Bollaert, 

1850;  Pike,  1932). 

Smithwick  (1900),  for  example,  claims  to  have  witnessed  a  victory 
celebration  in  which  the  Tonkawa  cut  off  pieces  of  flesh  from  a  slain 
Comanche  and  boiled  these  in  a  large  kettle  with  "a  lot  of  corn  and  pota¬ 
toes.”  After  this  "stew”  was  cooked  and  had  cooled  somewhat,  the  entire 
band  gathered  around  and  dipped  up  this  food  with  their  hands.  Later  in  the 
day  a  scalp  dance  was  held.  Mooney  (1901),  who  secured  his  data  from  a 
Lipan  Apache  Indian  who  had  attended  one  of  these  "feasts,”  notes  that 
arms,  feet,  legs,  and  ribs  were  cut  into  small  pieces  and  cooked  in  a  pot. 
After  the  meat  had  been  eaten,  a  victory  dance  was  held.  > 

Pike  (1932)  has  described  a  victory  celebration  at  which  the  Tonkawa 
"feasted”  on  thirteen  enemy  Indians,  by  far  the  greater  part  being  Com- 
anches.  After  these  had  been  killed  and  scalped,  they  were  carried  back  to 
camp  by  the  warriors.  As  soon  as  the  bodies  were  brought  in,  the  women 
dug  a  number  of  pits  in  the  ground  over  which  to  cook  the  meat.  The 
bodies  were  first  cut  up  into  pieces  which  were  placed  on  sticks  and  roasted 
over  the  fire.  While  the  meat  was  being  prepared,  the  group  held  a  special 
war  ceremony;  after  this,  everyone  ate  some  of  the  cooked  flesh  and  the  men 
participated  in  a  scalp  dance.  The  meat  which  was  not  eaten  was  kept  for 
future  use  as  a  special  delicacy. 

Tonkawa  warriors  sometimes  returned  to  camp  with  slices  of  dried 
flesh  from  enemies  they  had  killed.  Although  some  pieces  of  this  dried  flesh 
were  kept  as  trophies,  most  of  the  meat  was  boiled  and  eaten  to  celebrate 
the  victory  (Gatschet,  1884;  Baker,  193  5  ). 

During  part  of  the  nineteenth  century,  the  Tonkawa  were  said  to  have 
eaten  human  flesh  as  a  means  of  allaying  hunger,  for  these  Indians  were 
often  quite  destitute  (Foreman,  1933).  But  even  in  these  instances  the 
eating  of  human  flesh  may  have  had  some  ceremonial  significance.  In  sev¬ 
eral  other  accounts  the  reasons  for  eating  human  flesh  are  not  clear.  One 
observer  states  he  saw  Placido,  a  well-known  Tonkawa  leader,  eating  the 
ribs  of  a  Comanche  chief  and  removing  the  hands  and  feet  to  take  back 
to  his  wives  and  children  (Texas  Centinel,  1841).  In  another  instance,  a 
Comanche  was  said  to  have  been  cooked  and  eaten  only  by  the  old  men 
and  women— the  younger  individuals  did  not  participate  (Gatschet,  1884). 

Dances.  The  dances  connected  with  war  were  particularly  important 
among  the  Tonkawa.  According  to  Gatschet’s  data,  the  men  who  were  to 
undertake  a  raid  held  a  "scout”  dance.  The  ceremony  began  after  dark.  A 
number  of  warriors  stood  in  a  ring  holding  a  large  untanned  cowhide  which 
they  struck  in  unison  with  sticks  or  switches  about  two  feet  long.  A  leader 
kept  time,  and  the  whole  ceremony  was  conducted  with  great  order  and 
formality.  During  part  of  the  ceremony  the  men  would  get  up  and  sit  down 
repeatedly  for  about  ten  minutes,  after  which  they  smoked  cigarettes.  The 
men  sang  during  the  proceedings  in  low-pitched,  then  high-pitched  voices. 
They  imitated  animal  cries  to  represent  the  "hunting”  of  wild  Indians. 
Gatschet  also  states  that  the  men  sang  twice  before  the  tipi  of  each  war¬ 
rior  who  was  to  participate  in  the  raid,  then  moved  on  to  the  tipi  of  the 
next  man  (Gatschet,  18  84). 
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Several  descriptions  of  the  "scalp”  dance  have  been  given.  In  one  of 
these,  the  warriors,  dressed  in  their  best  breechcloths  and  decorated  with 
"war”  paint,  formed  a  circle  around  the  scalp;  this  had  been  covered  with 
paint  and  was  held  up  on  the  point  of  a  lance  by  a  woman.  Each  of  the 
men  was  supposed  to  have  some  kind  of  musical  instrument.  All  of  these 
were  played  in  unison,  along  with  a  drum  consisting  of  a  deer  hide  which 
had  been  tightly  stretched  over  a  hoop.  The  Indians  also  "chanted,”  at  the 
same  time  raising  and  lowering  their  bodies  in  time  to  the  music;  this  sug¬ 
gests  similarities  to  the  scout  dance.  During  the  ceremony  an  old  woman 
moved  around  the  circle  with  an  arm  or  a  leg  taken  from  an  enemy,  which 
each  dancer  in  turn  bit  into  and  shook,  holding  it  between  his  teeth.  This 
dance  continued  until  the  performers  were  exhausted  (Smithwick,  1900). 

Pike  (1932)  witnessed  a  scalp  dance  in  which  a  number  of  scalps  were 
displayed  upon  a  pole.  At  first  only  the  warriors  who  had  taken  these 
trophies  took  part  in  the  dance,  but  afterwards  the  old  men,  and  then,  fin¬ 
ally,  the  younger  men  joined  in,  until  all  were  "whirling  in  circles  around 
the  scalp  pole.”  A  somewhat  similar  dance  has  been  described  by  Nance 
(  1952).  Here,  the  Tonkawa  attached  the  scalps  to  a  pole  set  between  two 
large  fires.  The  men  formed  a  circle  around  one  of  the  bonfires,  whereas 
the  women  were  grouped  about  the  other.  The  Indians  danced  and  sang 
the  whole  night,  the  two  circles  moving  slowly  in  opposite  directions. 

Elements  of  other  scalp  dances  have  been  presented.  According  to 
Foreman’s  data,  the  Tonkawa  scalped  a  Comanche  Indian,  cut  off  his  hands, 
and  placed  the  body  on  a  bonfire  of  logs.  The  scalp  and  hands  were  tied  to 
a  pole  which  was  held  aloft  during  the  ceremony  (Foreman,  1937,  v.  30). 
Carter  (193  5)  has  noted  a  rite  in  which  two  scalps  were  used;  these,  how¬ 
ever,  had  first  been  cut  into  eight  parts.  Gatschet  (1884)  mentions  a  so- 
called  "scalp”  dance  which  was  celebrated  "every  night  for  one  or  more 
months,”  but  notes  elsewhere  that  it  was  held  intermittently  during  a  per¬ 
iod  of  about  a  month.  However,  this  dance  is  radically  different  from 
those  described  above,  for  no  mention  is  made  of  a  scalp  being  used.  Fur¬ 
thermore,  the  woman  danced  while  the  men  watched.  Water  may  have  been 
used  in  this  ceremony,  for  the  singers  repeated  the  words:  "Come  up,  women, 
carry  water  for  dancing.” 

A  few  other  war  dances  have  been  described.  One  of  these  was  the 
"hold-shield”  dance,  referring  to  a  bison-hide  shield  which  was  used  in  the 
rite.  Only  the  men  participated.  They  moved  in  a  circle  around  the  fire,  giv¬ 
ing  war  whoops  to  music  provided  by  skin  drums.  In  still  another  dance 
the  men  apparently  rode  horses  in  a  circle.  Specially  improvised  songs  were 
sung  at  the  war  dances.  And  the  achievements  and  important  events  in 
the  history  of  the  tribe  were  occasionally  recounted.  The  dancers  in  war 
ceremonies  wore  special  headdresses  of  feathers  and  of  cloth  decorated  with 
buttons  and  embroidery  (Gatschet,  18  84;  Pike,  1932). 

An  especially  important  ceremony  among  the  Tonkawa  was  the  "wolf” 
dance.  This  was  supposed  to  commemorate  the  "origin”  or  "creation”  of 
these  Indians  (Parker,  1  8  5  5  ;  Marcy,  1866;  Gatschet,  1876;  Pike,  1932). 
The  wolf  dance  was  held  in  a  large  dance  lodge.  Ft  was  essentially  a  solemn 
ceremony  and  efforts  were  made  to  keep  it  secret  from  outsiders.  Only  the 
men  participated.  One  of  these  wolf  dances  was  witnessed  by  R.  S.  Neigh¬ 
bors,  Superintendent  of  Indian  Affairs  for  Texas,  who  had  lived  with  the 
Tonkawa  for  a  time.  According  to  this  account,  there  were  fifty  warriors 
covered  from  head  to  foot  in  wolf  skins.  These  were  carefully  draped  so 
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that  the  dancers  would  resemble  wolves  as  much  as  possible.  The  Indians 
entered  the  lodge  in  single  file,  then  moved  about  on  all  fours  growling 
and  howling  like  wolves.  From  time  to  time,  they  put  their  noses  toward 
the  ground  and  "sniffed”  in  various  directions.  Suddenly  one  individual 
stopped  and  uttered  a  sharp  cry  and  began  scratching  the  ground  at  a  cer¬ 
tain  predesignated  spot.  The  others  gathered  around  and  also  began  digging 
with  their  hands.  In  a  few  minutes  they  uncovered  a  Tonkawa  Indian  who 
had  been  buried  there  before  the  ceremony.  The  wolf  dancers  ran  about 
sniffing  and  examining  him  with  intense  interest.  Next,  some  of  the  danc¬ 
ers,  representing  the  older,  more  important  wolves,  met  in  a  council  to 
determine  what  should  be  done  with  this  Tonkawa  Indian.  They  finally  ad¬ 
vised  him  to  live  as  the  wolves  did- — by  killing  and  stealing.  They  placed 
a  bow  and  arrow  in  his  hands,  saying  that  he  was  to  use  this  to  provide  him¬ 
self  with  food  and  clothing.  He  was  to  wander  about  like  the  wolves  and 
never  to  build  a  permanent  dwelling  nor  cultivate  the  soil — if  he  did  he 
would  surely  die  (Parker,  18  5  5  ;  Marcy,  1866).  Gatschet  (1884)  has  de¬ 
scribed  another  wolf  dance  in  which  the  men  danced,  holding  sticks.  There 
is  no  evidence  to  indicate  that  this  was  the  same  dance  as  that  described 
above. 

Another  important  ceremonial  was  the  "buffalo”  dance.  In  this,  some 
of  the  men  wore  bison  horns  and  caps  or  hats  and  danced  to  the  beating 
of  a  drum.  Apparently  some  of  the  dancers  used  a  gun  to  "shoot  at”  others 
who  were  supposed  to  represent  the  bison,  and  these  latter  "caught”  bullets 
in  their  hands  to  feign  being  wounded.  Still  other  Indians  simulated  the 
driving  of  lances  through  the  bison  dancers.  (It  is  not  clear  just  how  these 
activities  were  performed.)  This  ceremony  reportedly  lasted  all  night 
(Gatschet,  1884). 

The  Tonkawa  Indians  had  a  "deer”  dance  in  which  both  men  and 
women  participated.  Nothing  is  known  concerning  it  except  that  the 
dancers  ate  the  red  bean  of  the  wild  mesquite  plant  during  the  ceremony. 
In  still  another  rite  some  of  the  women  danced,  each  one  holding  a  long 
stick  to  which  were  affixed  deer  "claws.”  These  sticks  were  to  be  struck 
on  the  ground  (Gatschet,  18  84), 

Both  men  and  women  participated  in  the  "wild  hog”  dance  (the  wild 
hog  was  evidently  the  peccary) .  The  main  feature  of  the  rite  was  the  eat¬ 
ing  of  the  bulb  of  a  plant  which  Gatschet  stated  grew  in  Mexico.  Although 
this  was  not  identified,  it  may  well  have  been  the  peyote  bulb.  The  music 
seems  to  have  been  supplied  by  a  drum  which  had  been  covered  with  a 
"wetted”  hide  so  that  only  muffled  sounds  would  be  produced  (Gatschet, 
1884). 

In  the  "turkey”  ceremony  the  women  danced  in  a  ring,  imitating  tur¬ 
keys  going  around  in  a  circle.  A  few  of  the  women  participated  in  the 
"notched  stick”  dance.  Apparently  some  of  them  rubbed  a  notched  piece 
of  wood  to  produce  a  noise  which  served  to  call  the  other  women  to  the 
dance  (Gatschet,  18  84). 

In  a  dance  called  "singing  all  around,”  rattles  were  used.  During  the 
proceedings  a  woman  would  pick  out  a  man  she  liked  and  sing  with  him. 
In  a  somewhat  similar  ceremony,  the  women  danced  in  a  ring  around  four 
or  five  of  the  men  and  sang  special  songs  (Gatschet,  1884) . 

The  "dance  of  the  short  steps”  was  also  for  the  women,  the  men  here 
being  the  spectators.  In  several  other  ceremonies,  the  women  lined  up  in 
rows  behind  the  men.  Then  the  entire  group  moved  in  unison  either  for- 
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ward  and  backward  or  from  side  to  side.  Sometimes  they  also  sang  to  music 
provided  by  drumbeats  and  the  rattling  of  gourds  (Gatschet,  18  84;  Fore¬ 
man,  1935). 

Other  Ceremonies.  Opler  (1939)  has  described  a  Tonkawa  peyote  rite. 
He  obtained  his  information  from  a  Chiricahua  Apache  Indian  who  had 
witnessed  it  in  1902  (also  see  Liegerot,  1922).  Opler’s  Lipan  Apache  in¬ 
formants  believed  that  the  Tonkawa  were  among  the  first  of  the  tribes  north 
of  Mexico  to  utilize  the  peyote  bulb  ceremonially,  having  borrowed  this 
trait  from  the  Carrizo  (Comecrudo)  Indians  of  the  Lower  Rio  Grande 
region  (Opler,  1939). 

Only  those  Indians  who  had  left  their  hair  long,  who  were  wearing 
"perfume”  made  from  special  herbs,  who  had  painted  their  faces,  and  who 
were  attired  in  a  breechcloth  and  buckskin  leggings  and  shirt  were  per¬ 
mitted  inside  the  ceremonial  tipi.  The  entrance  of  the  tipi  faced  the  east. 
After  an  individual  was  inside  he  was  supposed  to  turn  to  his  left  and  move 
around  the  tipi  in  a  clockwise  direction.  Most  of  those  were  were  partici¬ 
pating  in  the  ceremony  sat  in  a  circle  around  the  peyotes,  which  were  laid 
out  on  a  piece  of  buckskin  inside  a  flat  basket.  The  peyotes  were  passed 
around  the  circle  always  in  a  clockwise  direction.  At  intervals  the  Indians 
prayed  and  "saw  visions.”  Those  persons  who  were  to  sing  sat  in  a  row. 
Each  singer  sang  four  songs  and  at  the  same  time  beat  on  a  drum  fashioned 
from  a  large  metal  container,  the  top  of  which  had  been  tightly  covered 
with  buckskin.  When  one  of  the  singers  had  finished,  he  passed  on  the  drum 
to  his  neighbor  and  shook  a  gourd  rattle  for  this  person.  And  after  his 
neighbor  had  finished  singing,  the  rattle  was  given  to  him.  The  ceremony 
lasted  for  four  days  and  four  nights  (Opler,  1939) . 

The  Tonkawa  also  held  a  "sun”  dance  (Gatschet,  18  84;  Liegerot, 
1922),  According  to  Gatschet,  this  differed  from  the  typical  sun  dance  of 
the  Plains  primarily  in  that  the  Tonkawa  did  not  look  into  the  sun  or 
practice  any  kind  of  "torture.”  Besides  this,  we  know  only  that  the  cere¬ 
mony  was  restricted  to  the  men,  who  beat  on  a  cowhide  with  sticks. 

A  "ghost”  dance  was  witnessed  by  Liegerot  (1922)  after  the  Tonkawa 
had  been  permanently  settled  at  the  Oakland  Agency  and  had  been  in  con¬ 
tact  with  a  number  of  Plains  tribes  in  Oklahoma.  During  this  rite,  some 
of  the  men  sang  while  others  beat  on  drums.  They  went  into  "trances” 
and  recited  "visions”  of  the  departure  of  the  White  men  in  ships  and  the 
re-appearance  of  the  bison  on  the  Plains. 

MYTHS  AND  LEGENDS 

Some  fragmentary  myths  and  legends  were  collected  by  Gatschet  in 
18  84.  But  the  greatest  number  of  Tonkawa  stories  were  recorded  in  1928 
by  Hoijer  (  1933-8,  n.d.).  The  majority  of  the  Tonkawa  tales  are  con¬ 
cerned  with  various  animals,  by  far  the  most  important  being  the  wolf  and 
the  coyote. 

In  Gatschet’s  tales  it  is  the  wolf,  in  Hoijer’s  the  coyote,  which  ap¬ 
pears  most  often.  The  most  likely  explanation  of  this  pattern  is  that  the 
wolf  legends  became  transmuted  into  coyote  legends,  for  both  of  these  ani¬ 
mals  are  depicted  in  much  the  same  manner.  Of  course  it  is  possible  that 
Gatschet  misunderstood  the  Tonkawa,  for,  according  to  Hoijer  (193  3-8), 
the  words  for  wolf  and  coyote  are  quite  similar.  Yet,  that  Gatschet  was 
incorrect  seems  unlikely  for  a  number  of  reasons.  In  the  first  place,  he  men¬ 
tions  both  the  wolf  and  the  coyote — thus  his  Tonkawa  informants  differ- 
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entiated  between  these  two  animals.  (He  speaks  specifically  in  two  places  of 
the  "grey”  wolf.)  Neighbors,  a  U.  S.  Indian  Agent,  who  lived  among  and 
had  contact  with  the  Tonkawa  intermittently  during  the  1840’s  and  50’s, 
indicates  that  the  wolf  was  a  most  important  animal  to  the  Tonkawa — 
they  believed  the  wolf  was  the  medium  by  which  they  had  been  brought 
into  the  world  (Parker,  18  5  5  ;  Marcy,  1866).  And  Pike  (1932),  who  vis¬ 
ited  the  Tonkawa  in  the  middle  nineteenth  century,  provides  data  which 
lend  support  to  Neighbor’s  statement. 

The  wolf  and  the  coyote  are  treacherous,  quick  to  kill,  and  clever  at 
outwitting  other  animals  and  human  beings.  For  example,  according  to  one 
of  the  wolf  myths,  a  woman  running  a  race  with  men  and  a  number  of 
the  animals  won  the  race  and  killed  all  her  opponents;  then  she,  in  turn, 
was  "conquered”  by  the  wolf  (Gatschet,  1884).  Furthermore,  the  Tonkawa 
feared  the  coyote  and  the  wolf  and  avoided  killing^  them,  for  these  were 
said  to  "own”  the  earth  (Gatschet,  1884;  Hoijer,  1933-8). 

On  the  other  hand,  the  coyote  and  the  wolf  are  helpful  to  man.  In 
one  story  the  Indians  told  Coyote  that  the  "evil  one”  was  destroying  them. 
Coyote  said  he  would  fight  him  the  next  day.  That  night  Coyote  went  out 
and  howled  in  the  four  cardinal  directions,  presumably  calling  on  the  wolves 
to  help  him.  For  the  next  day,  when  the  "evil  one”  appeared,  the  wolves 
rushed  to  the  coyote’s  aid  in  killing  the  "evil  one”;  then  the  wolves  went 
away  (Hoijer,  1933-8). 

One  of  the  most  important  myths  concerning  the  helpfulness  of  the 
wolf  (or  the  coyote)  is  that  which  portrays  this  animal  as  a  Tonkawan 
Prometheus.  Gatschet’s  story  (1884)  can  be  summarized  as  follows:  The 
wolf  went  to  the  sun  to  borrow  fire.  A  frog  was  watching  the  fire  (frogs 
don’t  sleep;  therefore,  they  make  good  watchers.)  The  wolf  talked  to  him 
in  a  friendly  manner,  then  picked  up  a  handful  of  ashes  and  threw  it  into 
the  frog’s  face  and  eyes.  The  wolf  ran  through  the  fire  and,  still  ablaze, 
went  down  to  earth  as  fast  as  he  could  go.  He  jumped  into  the  water  when 
coming  down;  however,  a  little  spark  remained  on  his  tail  when  he  got  out 
of  the  water.  He  blew  on  it  until  the  tail  again  was  ablaze.  The  wolf  then 
struck  the  "nipelan”  stem  [according  to  Gatschet  (1884),  the  stem  of 
Yucca  angustifolia;  Hoijer  (1949)  gives  the  word  "nepilan”  as  meaning 
"fire  drill”],  saying  "This  shall  have  fire  from  now  on,  and  the  flint-rock 
too,  and  several  plants.”  The  sun,  pursuing  the  exhausted  wolf,  sent  rain 
after  him  to  drown  him. 

According  to  Hoijer’s  myth  (n.d.),  the  coyote  brought  fire  to  man, 
the  Indians  having  asked  him  to  steal  it  for  them.  In  this  case  it  was  the 
moon  which  was  the  owner  of  fire.  Instead  of  a  frog.  Coyote  found  a  man 
sitting  watching  the  fire,  and,  like  the  frog,  this  man  never  slept.  Then  Coy¬ 
ote  threw  ashes  into  the  man’s  face.  Instead  of  running  through  the  fire. 
Coyote  -put  some  coals  of  fire  under  his  fingernails  and  in  his  tail.  He  did 
not  jump  into  the  water  but  was  struck  down  by  the  man  and  "fell  dead” 
into  the  water.  When  he  revived  there  was  no  fire  except  for  a  very  small 
spark  on  one  finger.  Then  Coyote  gathered  some  dry  grass  and  set  fire  to 
it;  from  there  it  spread  to  other  plants.  Despite  the  differences  in  the  de¬ 
tails  of  these  stories,  it  is  obvious  that  Hoijer’s  story  is  a  later  version  of 
Gatschet’s  myth. 
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SOME  TENTATIVE  CONCLUSIONS 

The  history  and  culture  of  the  Tonkawa  Indians  have  been  summarized. 
A  few  tentative  generalizations  concerning  their  cultural  affiliations  can 
now  be  formulated.  In  any  evaluation  of  the  preceding  data,  however,  some 
limitations  of  this  study  should  be  kept  in  mind.  Except  in  certain  instances, 
it  has  not  been  possible,  because  of  a  paucity  of  information,  to  analyze 
Tonkawa  culture  within  a  chronological  framework.  Traits  which  were 
observed  some  fifty  or  a  hundred  years  apart  are  at  times  discussed  together. 
Then,  too,  much  of  the  data  on  Tonkawa  culture  comes  from  the  latter 
part  of  the  nineteenth  century  and  the  early  part  of  the  twentieth  cen¬ 
tury.  We  do  not  know  how  representative  these  accounts  are  of  the  early 
culture  of  the  Tonkawa,  for  their  culture  undoubtedly  underwent  signifi¬ 
cant  changes  through  contacts  with  the  White  man  and  with  other  Indian 
tribes  who  entered  Texas  during  the  historical  period.  Yet,  inasmuch  as 
the  culture  of  a  group  is  generally  conservative,  some  of  the  old  forms 
can  be  expected  to  have  persisted  even  though  their  content  may  have 
changed. 

Like  Swanton,  the  writer  believes  that  the  Tonkawa  can  best  be 
classed  with  the  tribes  of  the  "ethnographic  sink” — -i.e.,  Karankawan,  Coa- 
huiltecan,  and  Tamaulipecan  (Schaedel,  1949;  Hodge,  1907a;  Garcia,  1909; 
Santa  Maria,  1929-30).  However,  by  the  late  eighteenth  century  the  Ton¬ 
kawa  had  adopted  a  Plains-like  material  culture  and  by  the  late  nineteenth 
century  some  Plains  ceremonial  patterns. 

This  conclusion  rests  on  a  number  of  facts.  First,  the  Tonkawa  seem 
to  have  been  affiliated  linguistically  with  the  "sink”  tribes  of  southern 
Texas  and  northeastern  Mexico.  Even  though  the  evidence  for  this  is  mere¬ 
ly  tentative,  it  is  nevertheless  significant  that  the  Tonkawa  were  linguisti¬ 
cally  quite  distinct  from  the  tribes  to  the  north,  west,  and  east.  Second, 
archaeological  materials  from  the  late  prehistoric  period  in  central  Texas, 
the  principal  area  of  Tonkawa  occupation  in  the  early  historical  period, 
show  rather  close  resemblances  to  archaeological  finds  in  the  area  to  the 
south  (Krieger,  1946).  Third,  in  their  general  low  level  of  culture  the 
Tonkawa  were  similar  to  the  groups  within  the  "ethnographic  sink,”  For 
the  most  part  these  tribes  lived  by  collecting  and  hunting-— although  Swan- 
ton  (1928)  correctly  observes  that  the  coastal  groups,  particularly  the  Kar- 
ankawa,  differed  from  the  inland  tribes  in  their  greater  dependence  upon 
products  obtained  from  the  sea.  The  Tonkawa  practiced  agriculture  sporad¬ 
ically,  if  at  all,  in  early  times,  and  even  when  bison  hunting  was  impor¬ 
tant,  collecting  still  remained  an  essential  part  of  their  economy.  Further¬ 
more,  certain  of  the  Tonkawa  habitations  and  their  clothing  were  quite 
similar  to  those  of  the  "sink”  tribes.  And  there  are  certain  features  of  the 
Tonkawa  political  organization  (e.g.,  the  loosely  organized  bands)  and 
their  ceremonial  life  (e.g.,  cannibalism)  which  resemble  those  of  the  tribes 
of  southern  Texas  and  northeastern  Mexico. 

There  are  some  other  points  worthy  of  mention.  The  Ervipiame,  as¬ 
sumed  to  be  a  Tonkawan  group,  were  in  the  early  historical  period  assigned 
to  a  mission  in  notheastern  Mexico:  this  may  suggest  an  early  residence  in 
that  region.  And  it  is  possible  that  the  "wild  hog”  or  peccary  dance  indi¬ 
cates  a  southerly  tie.  Even  though  a  few  peccaries  have  been  found  as  far 
north  as  the  Red  River,  their  main  area  of  habitation  in  Texas  has  defi¬ 
nitely  been  in  the  south.  One  might  assume  that  the  Tonkawa  had  some 
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rather  extensive  contacts  with  this  animal  for  it  to  have  become  symbolized 
in  a  dance.  Also,  the  Tonkawa  are  believed  to  have  been  one  of  the  first 
tribes  to  secure  peyote  from  the  Carrizo  (Comecrudo)  Indians;  this,  too, 
suggests  ties  with  the  "'sink”  area.  Finally,  Gatschet  believed  that  the  Ton¬ 
kawa  earlier  had  cultural  affiliations  with  Mexico.  Obviously  no  single  one 
of  these  facts  is  particularly  important  in  itself.  Yet  the  over-all  pattern 
indicates  that  the  Tonkawa  belong  with  the  tribes  of  the  "sink,”  despite 
the  fact  that  in  historical  times  they  came  to  acquire  many  features  of 
Plains  culture. 

One  problem  remains  unresolved;  it  can  not  be  examined  here.  The 
writer,  through  a  comparative  study  of  the  various  sink  tribes,  has  been 
seeking  an  answer  to  the  question:  What  is  the  "ethnographic  sink”?  First 
of  all,  the  differences  between  the  inland  and  coastal  groups  need  to  be 
clarified.  Second,  if  one  thinks  of  a  culture  area  as  necessarily  having  a  cli¬ 
max,  it  may  be  difficult  to  consider  the  "sink”  as  a  true  culture  area.  Could 
it  be  that  this  so-called  "cultural  sink”  is  merely  a  remnant  of  a  more 
archaic  culture  (or  cultures)  which  in  the  past  covered  a  broader  area? 
The  whole  problem  of  the  "cultural  sink”  of  North  America  requires  some 
intensive  analysis.  Unfortunately,  this  investigation  is  hampered  by  the 
fact  that  only  a  small  number  of  archaeological  sites  in  this  area  have  been 
studied,  particularly  with  reference  to  late  prehistoric  materials. 
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SOIL  MANAGEMENT  FOR  GRASSLANDS  IN  SEMI-HUMID-ARID 


REGIONS  1 

HOWARD  B.  SPRAGUE 
Texas  Research  Foundation^ 

Geographically,  the  semi-humid-arid  regions  of  the  United  States  oc¬ 
cupy  all  or  most  of  the  17  Western  States,  totaling  more  than  800  million 
acres  of  land  occupied  by  native  range  and  pasture  and  some  150  million 
acres  currently  utilized  for  harvested  crops.  About  300  million  acres  of  the 
native  range  is  federally  owned  and  controlled.  These  vast  acres  of  semi- 
humid-arid  natural  grassland  extend  westward  from  the  97th  degree  of 
longitude  in  the  Dakotas  and  Nebraska,  and  from  the  99th  degree  of  longi¬ 
tude  in  Kansas,  Oklahoma  and  Texas,  to  the  Pacific  Ocean.  Excluded  are 
the  northwestern  coastal  areas  of  California,  Western  Oregon  and  Washing¬ 
ton,  which  are  humid.  When  correction  is  made  for  land  areas  occupied  by 
sterile  rocky  land  and  mountains,  extreme  desert,  and  timbered  areas,  ap¬ 
proximately  500  million  acres  of  agricultural  land  may  be  classed  as  semi- 
arid,  and  450  million  acres  as  sub-humid;  150  of  the  latter  acreage  now  is 
cropped  by  "dry-land”  farming.  By  contrast,  all  humid  agricultural  lands 
of  the  United  States  occupy  only  one-half  as  much  land  area  as  the  semi- 
humid-arid  lands.  Unfortunately  for  the  drier  regions,  the  great  majority  of 
research  on  soil  management  has  been  conducted  in  humid  regions. 

The  climate  of  the  semi-humid-arid  regions  profoundly  influences  soil 
management  as  well  as  all  other  aspects  of  agriculture.  Annual  precipitation 
is  under  10  inches  on  about  20%  of  the  area,  between  10  and  15  inches  on 
2  5%,  between  15  and  20  inches  on  30%,  and  between  20  and  30  inches 
on  2  5  %  of  the  land  area.  The  annual  periodicity  varies  from  the  winter 
maximum  type  of  the  Pacific  States,  to  the  spring  and  early  summer  maxi¬ 
mum  of  the  Great  Plains,  to  the  uncertain  distribution  of  the  southwest 
regions.  Moreover,  there  is  a  variable  but  recurrent  cycle  of  a  period  of 
years  in  which  moisture  is  below  normal,  and  years  with  moisture  above 
normal.  In  the  present  state  of  our  knowledge,  predictions  of  dry,  moist, 
and  normal  years  are  not  possible,  thus  making  it  essential  that  all  opera¬ 
tions  be  flexible  enough  to  function  satisfactorily  in  dry  periods,  and  to 
capitalize  on  more  abundant  moisture  when  it  occurs.  Fortunately,  grass¬ 
land  agriculture  provides  the  best  opportunity  for  adjustment  to  fluctuations 
in  moisture  supply.  Much  of  the  economic  distress  experienced  in  these  re¬ 
gions  in  the  last  75  years  may  be  traced  to  the  attempts  to  substitute  culti¬ 
vated  crops  for  natural  grasslands  in  these  semi-humid-arid  regions.  Gradu¬ 
ally,  it  is  becoming  clear  that  more  support  for  man,  year  by  year,  and  on 
a  long-time  basis,  will  be  derived  from  well  managed  grasslands,  than  from 
the  cultivated  crops  that  might  be  grown. 

1  Paper  presented  at  the  Sixth  International  Grassland  Congress,  August  17-23. 

1952,  State  College,  Pennsylvania,  USA. 

2  On  military  leave  from  Texas  Research  Foundation. 
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In  addition  to  peculiarities  of  rainfall  supply,  this  great  region  is  char¬ 
acterized  by  general  low  humidity  of  the  atmosphere.  Expressed  in  terms 
of  evaporation  from  a  free  water  surface,  this  varies  from  30  inches  dur¬ 
ing  6  warm  months  in  the  north  to  80  to  100  inches  in  the  southern  por¬ 
tions.  The  temperatures  also  differ  greatly,  from  a  frost-free  period  of  90 
days  at  high  altitudes  and  latitudes  to  more  than  240  days  in  the  southern 
regions.  Soil  temperatures  in  all  areas  are  profoundly  affected  by  the  char¬ 
acter  and  abundance  of  the  plant  cover,  with  solid  grass  cover  providing  an 
equalizing  effect,  in  contrast  to  wide  fluctuations  occurring  on  sparsely 
covered  or  bare  soil. 

The  soils  of  the  semi-humid-arid  region  are  diverse  but  are  predomi¬ 
nantly  alkaline  in  nature.  They  include  the  Chernozems  and  Rendzinas  on 
the  eastern  edge  of  the  region,  the  Chestnut  and  reddish  Chestnut  soil 
groups,  the  Brown  and  the  Reddish  Brown  soil  groups,  the  non-calcic  (but 
neutral)  Brown  soils,  Gray  and  Red  Desert  soils,  and  extensive  areas  of 
sandy  soils,  lithosols  and  shallow  soils,  and  alluvial  soils  adjacent  to  stream 
channels.  The  native  humus  supply  with  its  associated  nitrogen  content, 
ranges  from  the  abundant  amounts  found  in  virgin  Chernozems  and  Rend¬ 
zinas  to  the  almost  humus-free  soil  of  the  true  desert.  Depth  of  soil  is 
generally  dependent  on  the  depths  to  which  rainfall  normally  penetrates 
and  the  occupation  of  these  horizons  by  roots  of  native  plants.  In  common 
with  Pedocal  types  of  soil  in  other  parts  of  the  world,  the  A  horizon  evi¬ 
dences  much  less  leaching  than  in  soils  of  humid  region,  the  B  horizon  shows 
much  less  accumulation  of  clay,  and  normally  contains  all  of  the  calcium, 
magnesium  and  other  bases  carried  down  from  the  surface  horizon.  Ac¬ 
cumulations  of  soluble  alkaline  salts  may  occur  locally,  producing  the 
"alkali”  which  becomes  a  limiting  factor  for  plant  growth  under  condi¬ 
tions  of  imperfect  drainage,  particularly  under  irrigation. 

All  phases  of  soil  management  must  be  adjusted  to  the  peculiarities 
of  these  soil  and  climatic  conditions.  One  of  the  sharp  differences  between 
these  soils  and  those  of  humid  regions  is  the  almost  complete  failure  of 
"rapid”  chemical  tests  developed  for  humid  regions,  to  reveal  the  current 
supplies  of  available  nutrients  in  semi-humid-arid  soils.  New  and  appropri¬ 
ate  tests  must  be  developed,  and  calibrated  in  terms  of  actual  response  to 
specific  treatments,  before  this  useful  tool  can  be  applied  to  the  soils  of  the 
regions. 

This  paper  is  limited  to  a  discussion  of  soil  management  in  the  semi- 
humid-arid  region  of  the  United  States,  but  science  knows  no  boundaries 
and  the  facts  and  principles  developed  in  similar  regions  elsewhere  in  the 
world  are  of  great  importance  here.  In  fact,  since  limited  use  may  be  made 
of  practices  and  procedures  developed  for  humid  rcgiors  of  the  United 
States  (where  soil  science  is  older  and  more  advanced),  scientific  advances 
made  in  other  semi-humid-arid  regions  of  the  world  assume  great  signifi¬ 
cance.  Any  progress  made  in  the  great  natural  grasslands  of  Brazil,  Uru¬ 
guay,  and  Argentina;  in  South  and  Central  Africa;  in  the  Mediterranean 
and  Middle  Eastern  regions;  in  India,  Russia  and  China;  in  Australia  and 
New  Zealand,  has  its  significance  and  possible  practical  application  to  the 
great  natural  grassland  regions  of  North  America.  Throughout  the  world 
these  less-well-watered  regions  cover  vastly  greater  areas  than  the  humid 
grassland  regions,  and  the  welfare  of  mankind,  present  and  future,  depends 
on  our  mastery  of  the  principles  of  soil  management  for  these  regions.  The 
world  is  making  a  belated  approach  to  the  scientific  study  of  these  regions, 
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and  future  mastery  must  involve  the  determination  of  means  for  correction 
of  conditions  resulting  from  bad  management  which  has  produced  wide¬ 
spread  depletion  and  desolation,  as  well  as  the  determination  of  those  prin¬ 
ciples  of  management  required  to  assure  permanent  productivity. 

Soil  management  studies  of  semi-humid-arid  regions  must  deal  with 
three  general  types  of  situations:  (1)  management  of  areas  on  which  native 
cover  still  is  present  (though  often  badly  depleted),  (2)  management  of 
areas  once  cropped  and  now  so  seriously  depleted  that  re-establishment  of 
grass  cover  offers  the  only  hope  of  restoration  and  economic  use,  and  ( 3 ) 
the  management  of  lands  now  in  crops  but  which  are  undergoing  depletion 
and  call  for  the  introduction  of  grassland  phases  into  the  farming  systems 
to  provide  the  necessary  balance  for  permanent  productivity. 

Historically,  the  semi-humid-arid  region  of  the  United  States  has  been 
utilized  by  the  white  man  for  only  70  to  100  years.  'Although  the  land  was 
partially  occupied  earlier,  it  was  not  until  these  regions  were  opened  up  by 
railroads  about  1870,  and  barbed  wire  was  invented  in  1874,  that  general 
exploitation  occurred.  The  extensive  plowing  to  grow  wheat,  cotton,  corn 
and  other  cultivated  crops  was  fostered  by  homestead  land  legislation  which 
provided  land  units  too  small  for  economic  grassland  units;  and  overgrazing 
was  facilitated  by  extensive  fencing.  Not  until  the  Taylor  grazing  act  of 
1934  was  controlled  management  of  federal  grazing  lands  instituted  on  a 
nation-wide  scale;  and  the  Soil  Conservation  Act  of  1932  initiated  the 
nationwide  conservation  movement  for  improved  management  of  privately 
owned  land.  Some  progress  has  been  made,  but  the  principles  of  sound  soil 
management  are  still  imperfectly  developed  and  much  research  is  needed. 
The  number  of  farm  units  increased  from  160,000  in  1870  to  one  million 
in  1900,  and  to  1  ^  million  by  1940  in  the  semi-humid-arid  region.  In¬ 
crease  in  stocking  of  range  lands  reached  a  peak  about  1890.  Hence  it  ap¬ 
pears  that  the  great  majority  of  depletion  now  evident  occurred  during 
the  last  60  years.  In  spite  of  this  short  period  of  exploitation,  it  is  reported 
by  the  United  States  Department  of  Agriculture  (1948)  that  grazing  lands 
generally  are  now  less  than  half  as  productive  as  formerly,  and  serious  de¬ 
pletion  of  cropland  is  nearly  universal.  Reports  by  the  United  States  De¬ 
partment  of  Agriculture  (1938)  indicate  that  erosion  has  severely  dam¬ 
aged  at  least  two-thirds  of  the  total  acreage,  including  overgrazed  range 
as  well  as  cultivated  lands.  Depletion  of  organic  matter,  nitrogen,  phos¬ 
phorus,  and  of  soil  structure  has  progressed  more  rapidly  on  cropped  land 
because  of  continued  tillage  and  removal  of  crops,  but  it  must  be  recog¬ 
nized  that  substantial  amounts  of  nitrogen  and  phosphorus  are  removed  in 
meat,  bone  and  wool  of  stock  sold  from  grazing  lands.  Grazing  lands  have 
suffered  serious  losses  in  physical  properties  under  continued  overgrazing, 
by  depletion  of  organic  matter  additions  and  root  occupation,  with  attendant 
loss  in  granulation,  exposure  of  soil  to  puddling  action  of  rain  and  tramp¬ 
ling  of  stock,  with  the  resulting  reduction  in  infiltration  rate  of  storage 
of  water.  There  has  been  an  increase  in  evaporation  and  in  run-off  losses. 
Since  all  of  the  reported  loss  in  productivity  of  grasslands  has  occurred 
without  any  significant  long  range  change  in  climate,  it  is  clear  that  the 
basic  problem  is  one  of  steadily  declining  soil  productivity.  The  native  fer¬ 
tility  of  soil  has  been  exploited  to  the  stage  where  restoration  and  enlight¬ 
ened  management  are  imperative  if  the  land  is  to  be  a  stable  and  valuable 
source  of  food  for  our  people.  Re-establishment  of  vegetative  cover  of 
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desirable  type  is  a  first  step  in  restoration,  but  proper  consideration  should 
be  given  to  determination  and  correction  of  accumulated  and  inherent  soil 
deficiencies. 

SOIL  MANAGEMENT  OF  PERMANENT  GRASSLAND 

This  is  unique  because  of  the  limited  use  made  of  the  great  variety 
of  traditional  machines  and  equipment  commonly  employed  in  humid  re¬ 
gions.  The  plow,  disk,  harrow  and  roller  are  replaced  by  the  airplane,  by 
special  equipment  and  practices  for  brush  removal  and  for  re-seeding,  and 
in  large  measure  by  intelligent  management  of  forage  plants  and  of  live¬ 
stock  so  that  soil  deterioration  is  reduced  and  restorative  influences  are  fos¬ 
tered,  The  most  obvious  sign  of  depletion  on  native  grasslands  is  the  sup¬ 
pression  of  desirable  forage  plants  in  favor  of  weeds,  brushy  and  shrubby 
growth,  and  the  general  reduction  in  total  vegetative  coverage  of  the  soil. 
Overgrazing  continued  over  long  periods,  particularly  in  cycles  of  dry 
years,  is  the  basic  cause  of  grassland  depletion.  There  are  many  reports  cov¬ 
ering  all  portions  of  the  semi-humid-arid  region  which  show  conclusively 
that  heavily  stocked  land  produces  30  to  40%  less  beef  than  moderate  stock¬ 
ing  under  present  conditions  of  depleted  ranges,  and  the  overstocking  has 
impaired  the  capacity  of  soils  to  utilize  rainfall  and  support  plant  growth. 
By  reducing  total  plant  cover,  and  the  total  root  abundance  and  depth  of 
root  penetration,  and  by  exposing  the  surface  soil  layers  to  puddling  and 
compacting  effects  of  livestock  trampling  and  the  pounding  of  occasional 
torrential  rains,  the  soil  has  been  deprived  of  much  of  the  natural  means 
by  which  desirable  soil  structure  formerly  was  developed  and  maintained. 
Under  exposure  the  surface  soil  has  lost  capacity  to  permit  rapid  entry  of 
water  during  the  sudden  storms  which  are  a  characteristic  climatic  feature 
of  these  regions,  and  as  a  result,  run-off  is  greatly  increased  and  loss  of 
topsoil  by  water  erosion  is  tremendously  accelerated.  The  water  lost  by  run¬ 
off  obviously  is  not  available  for  plant  growth,  and  consequently  the  prime 
limiting  factor  of  the  climate  is  aggravated. 

Such  devices  as  contour  furrowing  to  slow  down  run-off,  terracing 
to  spread  run-off  on  gentle  slopes,  check  dams  to  prevent  gullying,  and 
construction  of  local  dams  to  impound  run-off  waters  for  stock  watering 
places,  all  have  a  place  in  efficient  land  management.  However,  they  do 
not  adequately  deal  with  the  basic  problem  of  fostering  the  processes  by 
which  desirable  soil  structure  is  produced  so  that  rainfall  is  retained  on  the 
areas  where  it  falls,  and  stored  in  the  soil  for  use  by  plant  roots  to  produce 
forage  for  livestock. 

The  adverse  effects  of  reduced  vegetative  cover  on  moisture  relations 
of  soil  are  further  accentuated  by  the  associated  effects  on  temperatures 
of  the  surface  layers.  In  the  upper  3  inches,  summer  temperatures  of  bare 
or  sparsely  covered  soil  have  been  shown  to  be  10  to  40°  F.  higher  than  of 
soil  clothed  with  solid  vegetative  cover.  These  higher  temperatures  increase 
evaporation  losses  of  such  moisture  as  enters  the  soil,  and  by  rapid  drying 
of  the  upper  soil,  keep  it  in  a  chronically  dry  condition  unsuited  for  use 
by  plant  roots.  Re-establishment  of  forage  plants  by  natural  or  artificial 
seeding  is  made  much  more  difficult  by  this  chronically  desiccated  surface 
soil  condition,  and  the  supply  of  plant  nutrients  in  this  upper  horizon  is 
denied  to  all  plants.  Any  attempts  to  restore  depleted  fertility  by  surface 
applications  of  fertilizers  is  likewise  profoundly  affected  by  the  puddled 
and  desiccated  condition  of  surface  layers  of  soil. 
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Depletion  of  native  range  is  by  no  means  limited  to  loss  in  desirable 
physical  properties  of  soil;  there  has  been  extensive  depletion  in  the  supply 
of  nitrogen  and  phosphorus.  Perhaps  a  major  portion  of  the  loss  occurred 
with  removal  of  topsoil  by  erosion,  and  this  would  apply  to  some  75%  of 
these  lands  reported  to  be  severely  damaged  by  erosion.  However,  other 
losses  have  occurred  and  are  continuing.  During  the  past  70  years,  live¬ 
stock  have  removed  in  their  bodies  80  to  100  lbs.  of  nitrogen  and  at  least 
30  lbs.  of  elemental  phosphorus  per  acre  in  the  semi-arid  regions.  Heavier 
rates  of  stocking  in  sub-humid  regions  have  caused  proportionately  greater 
removals  of  nitrogen  and  phosphorus  in  the  meat,  hide  and  bone  sent  to 
market  and  lost  forever  to  these  range  soils. 

The  ecologists  who  have  studied  semi-arid-humid  environments,  as 
long  as  50  years  ago  reported  that  nitrogen  supply  is  second  only  to  mois¬ 
ture  supply  in  stimulating  plant  growth.  With  suppression  of  nearly  all 
legumes  by  overgrazing,  and  with  reduced  vegetative  cover,  both  symbiotic 
and  free-fixation  of  atmospheric  nitrogen  are  curtailed,  and  these  reduced 
additions  are  accompanied  by  nitrogen  losses  in  eroding  topsoil.  Nitrogen 
fertilization  of  annual  forage  range  in  the  16-inch  rainfall  belt  of  California 
is  reported  by  Hoglund  ef  al  (1952)  to  have  increased  forage  production 
from  1,284  lbs.  (dry  weight)  on  unfertilized  range  to  4,166  lbs.  per  acre 
when  32  lbs.  of  nitrogen  was  applied  annually.  Moreover,  the  fluctuation 
in  growth  was  reduced  from  year  to  year,  and  the  seasonal  distribution  and 
quality  of  the  forage  was  improved.  This  illustrates  the  response  to  improved 
nitrogen  supply  which  doubtless  has  wide  significance.  The  popular  belief 
that  nitrogen  fertilizers  will  not  pay  in  regions  of  limited  rainfall  needs 
to  be  re-examined  under  a  wide  range  of  conditions.  Also,  an  extensive  study 
is  warranted  to  find  suitable  legumes  for  these  ranges  to  augment  nitrogen 
additions.  The  present  legume-poor  status  of  ranges  is  as  unprofitable  as 
would  be  the  grasslands  of  humid  regions  if  all  or  nearly  all  of  the  legumes 
were  absent. 

The  situation  as  to  available  phosphorus  supply  is  more  difficult  to 
evaluate.  Surface  applications  of  common  phosphate  fertilizer  generally 
have  produced  no  benefits.  Nevertheless,  widespread  phosphorus  deficiency 
has  been  noted  among  grazing  animals,  and  this  deficiency  has  been  cor¬ 
rected  by  feeding  phosphorus  compounds  to  stock  or  adding  them  to  drink¬ 
ing  water.  Analyses  of  forage  from  grazing  lands  where  stock  exhibit  phos¬ 
phorus  deficiency  show  the  supply  to  be  inadequate  to  meet  the  needs  of 
livestock.  There  are  two  significant  facts  that  throw  light  on  this  situation. 
One  of  these  is  the  well  known  adsorption  of  phosphates  by  clay  colloids, 
and  in  semi-humid-arid  regions  this  adsorption  takes  place  largely  in  the 
surface  layer  of  soil  which  remains  chronically  dry  and  unavailable  for  use 
by  plant  roots.  The  second  fact  is  the  highly  satisfactory  response  to  sur¬ 
face  applications  of  phosphate  fertilizer  to  Nueces  fine  sandy  soil  on  the 
King  Ranch  of  southern  Texas  (report  by  Reynolds,  et  al,  1951).  Plant 
growth  and  content  of  phosphorus  were  increased,  and  livestock  were  gen¬ 
erally  freed  of  the  symptoms  of  phosphate  deficiency.  This  Texas  experi¬ 
ment  may  be  interpreted  to  mean  that  when  phosphate  fertilizers  penetrate 
deeply  into  soil,  as  they  doubtless  did  on  this  soil  type  which  contains  but 
little  clay  colloid  and  therefore  did  not  fix  phosphorus  by  adsorption  in 
the  surface  soil  layer,  then  response  to  phosphate  followed  the  pattern  found 
in  humid  regions.  The  research  problem  to  be  solved  is  either  that  of  find¬ 
ing  physical  means  of  introducing  phosphate  into  deeper  layers  of  soil  that 
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are  better  supplied  with  moisture  and  utilized  by  plant  roots,  or  that  of 
developing  forms  of  phosphate  compounds  that  will  escape  immediate  fixa¬ 
tion  and  thus  penetrate  deeply  into  the  soil  when  applied  at  the  surface. 
Either  solution  of  the  problem  would  permit  fertilization  to  correct  soil 
phosphorus  deficiencies,  with  the  end  result  of  more  forage,  higher  content 
of  plant  phosphorus,  and  satisfaction  of  phosphate  requirements  of  livestock. 

restoring  '■'worn-out”  land  by  regrassing 

The  management  of  land  that  has  been  cropped  to  the  point  where 
yields  are  so  low  that  further  cropping  is  unprofitable,  even  with  high  prices 
of  crops,  is  one  of  the  most  urgent  problems  awaiting  solution  in  the  semi- 
humid-arid  regions.  It  is  now  generally  recognized  that  this  land  must  be 
returned  to  grass.  In  general,  the  areas  have  suffered  extensive  losses  of 
topsoil  by  wind  and  water  erosion,  and  usually  have  developed  extensive 
gullies.  Humus  content  is  at  low  level,  and  available  nitrogen  and  phos¬ 
phorus  are  deficient.  For  heavier  textured  soils,  the  compacted  and  puddled 
surface  reduces  infiltration  and  storage  of  rainfall,  and  greatly  complicates 
the  physical  establishment  of  the  small-seeded  grasses  and  legumes.  The 
capital  value  of  these  lands  represented  by  virgin  fertility,  has  been  largely 
dissipated.  A  substantial  new  capital  investment  must  be  made  to  restore 
them  to  productivity,  and  potential  investors  are  understandably  reluctant 
to  provide  capital  without  reasonable  assurance  that  returns  are  worth  the 
risks.  The  requisite  assurance  must  be  provided  by  experiments,  and  by  prac¬ 
tical  demonstrations  of  the  value  of  the  research  results  when  applied  to 
land  restoration. 

Since  the  establishment  of  the  National  Soil  Conservation  Service  some 
20  years  ago,  the  value  of  closing  gullies,  terracing,  establishment  of  stable 
waterways  and  similar  mechanical  measures,  has  become  generally  accepted. 
As  to  whether  the  land  will  repay  the  cost  of  these  measures  (particularly 
in  the  absence  of  Government  subsidies) ,  there  is  divided  opinion.  How¬ 
ever,  the  optimists  are  gaining  support  as  a  better  understanding  is  achieved 
regarding  the  soil  deficiencies  that  limit  plant  response,  and  the  practical 
means  of  correcting  these  deficiencies.  Nitrogen  supply  in  these  soils  is  at 
very  low  levels  in  practically  all  instances,  even  in  the  once  fertile  Cherno¬ 
zem  and  Rendzina  soils.  Nitrogen  supply  must  be  improved,  either  by 
growth  of  suitable  legumes  or  by  use  of  nitrogen  fertilizers.  An  illustration 
of  the  response  of  adapted  forage  species  on  badly  depleted  black  Rendzina 
soil,  popularly  believed  for  many  years  to  be  unresponsive  to  fertilizers,  is 
provided  by  the  1951  report  of  the  Texas  Research  Foundation. 

On  Houston  black  clay  farmed  for  50  years  with  no  fertilizer,  annual 
yield  of  grass  was  1,20  5  lbs.  dry  weight  per  acre.  With  5  0  lbs.  of  nitrogen 
added  yearly,  the  yield  was  2,449  lbs.,  and  with  100  lbs,  of  nitrogen  added 
yearly,  the  yield  was  4,13  8  lbs.  The  response  was  conditioned  by  the  de¬ 
gree  of  erosion  loss.  Where  all  topsoil  had  been  lost,  5  0  lbs.  of  nitrogen  pro¬ 
duced  only  1,200  lbs.  dry  weight  of  grass;  where  no  obvious  soil  loss  had 
occurred  the  yield  was  doubled  under  identical  fertilization,  and  where  the 
uneroded  land  had  received  fertilization  for  three  previous  years,  the  yield 
was  again  doubled.  A  further  interesting  observation,  was  that  nitrogen 
fertilization  must  be  accompanied  by  substantial  amounts  of  phosphate,  if 
response  to  nitrogen  is  to  be  continued. 
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A  study  of  forms  of  phosphate  fertilizers  by  Speer,  ef  al  (1951),  and 
of  methods  of  placement  in  Houston  black  clay  indicates  that  soluble  phos¬ 
phates  produce  good  responses  on  this  soil,  but  that  dicalcium,  tricalcium 
and  metaphosphates  are  relatively  useless  to  plants.  Thorough  mixing  of 
soluble  phosphates  through  the  soil  mass,  or  deep  placement  by  plowing- 
under,  produced  the  best  yields.  Surface  applications  of  all  phosphates  pro¬ 
duced  little  benefit  in  yield  or  in  composition  of  the  plants. 

The  necessity  for  deep  placement  of  phosphate  fertilizers  has  not  been 
clearly  established  on  a  sufficiently  wide  range  of  soils  in  the  semi-humid- 
arid  conditions,  but  the  evidence  appears  to  warrant  a  careful  study,  in 
conjunction  with  adequate  nitrogen  and  the  seeding  of  forage  species  cap¬ 
able  of  responding  to  increased  supplies  of  the  two  elements.  On  land  that 
has  been  "worn-out”  by  long  continued  cropping  and  erosion  losses,  there 
now  is  reason  to  believe  that  restoration  to  at  least  moderate  productivity 
is  possible  in  a  relatively  short  time.  The  growing  of  legumes  as  a  soil- 
improver  prior  to  seeding  to  permanent  grasses,  and  the  inclusion  of  suit¬ 
able  legumes  in  the  permanent  sod  offers  a  promising  means  of  supplying  at 
least  a  part  of  the  nitrogen  required  for  forage  production. 

MANAGEMENT  OF  CROPLAND 

At  least  150  million  acres  of  land  in  the  semi-humid-arid  region  is 
now  being  cropped.  Continued  depletion  of  nitrogen,  of  phosphorus,  of 
organic  matter  and  of  soil  structure  is  occurring  to  greater  or  less  degree 
under  the  management  systems  generally  followed.  While  it  is  now  generally 
accepted  in  humid  regions  that  permanent  productivity  is  dependent  on 
the  balancing  of  cultivated  crops  with  sod  crops  or  pastures,  with  adequate 
fertilizers  for  all  components  of  the  rotation,  this  principle  has  not  been 
generally  recognized  in  semi-humid-arid  regions.  It  will  be  necessary  to 
prove  the  principle  in  each  important  area,  before  general  practice  will 
follow. 

It  is  significant  that  three  years  of  testing  various  farming  systems 
on  Houston  black  clay  by  the  Texas  Research  Foundation  (1951),  on  Rend- 
zina  soil  long  popularly,  but  wrongly,  believed  to  be  unresponsive  to  fer¬ 
tilizers  and  not  in  need  of  sod  in  the  rotation,  have  given  strong  indication 
that  balanced  systems  are  superior.  By  the  third  year,  cotton  in  a  rotation 
with  sod  produced  1,900  lbs.  of  seed  cotton,  in  contrast  to  1,360  lbs.  with 
fertilizer  only,  and  1,06  5  lbs.  with  neither  fertilizer  nor  a  sod  crop  in  the 
rotation.  Comparable  results  were  obtained  with  grain  sorghum  and  with 
wheat.  While  more  time  will  be  required  to  measure  the  full  cumulative  ef¬ 
fect  of  balanced  rotations  of  sod  and  cultivated  crops,  of  adequate  fertili¬ 
zation  v/ith  the  more  efficient  chemical  carriers  of  nutrients  and  the  use 
of  well  adapted  grasses  and  legumes,  nevertheless,  the  results  to  date  suggest 
that  the  basic  principle  is  sound,  and  with  suitable  modifications  may  have 
wide  application.  In  short,  systems  of  permanent  agriculture  appear  to  be 
possible  for  semi-humid-arid  regions. 

Much  remains  to  be  learned  about  systems  of  permanent  agriculture 
involving  cropland  in  semi-humid-arid  regions.  Attention  must  be  focused 
increasingly  on  the  nitrogen  and  phosphorus  adequacy  of  farming  systems, 
as  well  as  the  effects  of  grass  crops  on  the  organic  matter  and  physical 
properties  of  the  soil.  Deep  placement  of  phosphorus  (below  the  upper  3 
or  4  inches),  suitable  forms  of  phosphorus,  the  choice  of  adapted  legumes 
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and  grasses,  the  amount  of  nitrogen  fertilizers  and  the  best  season  for  their 
application,  all  need  further  investigation.  With  regard  to  nitrogen  fer¬ 
tilization,  there  is  little  or  no  nitrogen  lost  by  leaching  in  these  regions,  and 
there  is  preliminary  evidence  that  the  nitrogen  should  be  applied  in  advance 
of  the  season  when  rains  may  be  anticipated,  for  greatest  benefits.  The  long 
continued  preoccupation  with  moisture  supply,  should  be  supplemented  by 
attention  to  soil  productivity  and  means  of  maintaining  it.  It  seems  likely 
that  the  most  effective  use  of  natural  moisture  supply  will  follow  more 
easily  when  soil  management  and  the  use  of  sod  grasses  and  legumes  in  the 
rotation  have  been  given  proper  attention. 
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DETERMINATION  OF  THERMAL  PROPERTIES 
OF  UNDISTURBED  SOIL  SAMPLES 


CHARLES  E.  BALLEISEN  AND  HERBERT  L  HOFFMAN 
Southwest  Research  Institute 
San  Antonio,  Texas 

Thermal  properties  of  soils  vary  widely,  as  do  the  soil  structure  and 
moisture  content  upon  which  they  depend.  Knowledge  of  the  thermal  char¬ 
acteristics  of  a  soil  is  essential  to  sound  engineering  design  of  systems  de¬ 
pendent  upon  the  soil’s  ability  to  absorb  and  conduct  heat.  The  under¬ 
ground  transmission  of  petroleum  products,  for  example,  must  be  considered 
with  regard  to  the  cooling  effect  of  the  earth  in  which  the  pipe  line  lies. 
Heavy  oils  are  heated  before  being  pumped  over  long  distances,  and  the 
heat  lost  to  the  soil  becomes  a  basic  factor  in  the  design  and  economic  op¬ 
eration  of  a  system.  A  similar  problem  is  encountered  in  the  design  of  under¬ 
ground  steam  lines.  Underground  electrical  transmission  lines  must  be  de¬ 
signed  with  consideration  of  the  ability  of  the  soil  to  dissipate  the  power  lost 
in  transmission. 

In  the  field  of  air  conditioning,  growing  use  of  the  heat  pump,  or  re¬ 
verse  cycle  refrigerator,  is  emphasizing  the  significance  of  thermal  properties 
of  soils  throughout  the  country.  One  application  of  the  heat  pump  is  the 
use  of  a  heat  exchanger  coil  buried  in  the  earth  to  permit  the  thermally 
stable  soil  to  act  as  a  heat  source  for  winter  heating  and  as  a  heat  sink 
for  summer  cooling.  The  temperature  differential  necessary  to  promote  the 
heat  flow  is  maintained  by  refrigeration  in  the  earth  or  in  the  occupied 
space  to  be  cooled,  as  the  season  requires. 

TEST  METHODS 

To  initiate  preliminary  work  in  the  thermal  study  of  local  soil,  the 
Engineering  Mechanics  Department  of  Southwest  Research  Institute  has 
recorded  the  temperatures  at  four  depths  in  a  6 -inch  diameter  hole  dug 
about  10  feet  into  the  earth.  The  work  was  begun  in  March,  1952,  and 
has  continued  to  date. 

The  investigation  thus  far  has  shown  that  the  simple  arrangement 
provides  data  which  can  be  used  to  determine  the  thermal  characteristics  of 
the  undisturbed  soil  through  the  seasons.  The  thermal  conductivity  of  the 
soil  fluctuates  with  its  moisture  content,  and  samples  removed  to  the  labora¬ 
tory  may  not  duplicate  characteristics  of  the  undisturbed  soil. 

For  most  engineering  applications,  the  thermal  characteristics  deter¬ 
mined  in  this  investigation  are  sufficiently  representative  of  the  soil  tested. 
The  soil  consisted  of  approximately  3.5  feet  of  rocky  topsoil  followed  by 
yellow  clay  with  streaks  of  caliche.  The  moisture  content  of  the  soil  was 
not  determined.  Operating  on  a  limited  budget,  the  study  has  been  con¬ 
ducted  with  the  most  fundamental  of  measurement  techniques. 

Figure  1  shows  a  cross  section  of  the  hole  which,  essentially,  is  a 
thermometer  well.  At  four  depths,  laboratory  thermometers  are  fastened 
to  the  probe  stick.  Between  these  are  partition  discs  to  inhibit  thermal  air 
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currents.  The  opening  is  covered  to  exclude  solar  radiation  and  foreign 
matter.  Figure  2  is  a  photograph  of  the  probe  and  the  protective  cover  over 
the  hole. 

The  thermometer  bulbs  were  lightly  insulated  with  cloth  gauze  and 
drafting  tape  to  slow  their  response  and  permit  reading  above  ground  with¬ 
out  perceptible  change.  Since  readings  were  taken  three  times  a  day  at  four 
hour  intervals,  the  thermometers  had  ample  time  to  attain  equilibrium  be¬ 
tween  readings. 

A  fifth  thermometer  was  located  to  indicate  ambient  temperature. 
Although  it  was  shielded,  its  reading  varied  from  the  official  Weather  Bu¬ 
reau  readings  taken  approximately  1 0  miles  away. 

A  study  of  the  temperature  fluctuations  and  distinct  gradients,  such 
as  those  on  Figure  3 ,  and  of  the  thermal  characteristics  derived,  lend  cre¬ 
dence  to  the  belief  that  the  thermometer  readings  were,  within  practical 
limitations,  representative  of  the  temperatures  existing  in  the  surrounding 
earth. 

INTERPRETATION  OF  DATA 

A  monthly  chart  of  recorded  temperatures,  Figure  3,  becomes  more 
significant  when  a  sinusoidal  curve  is  sketched  to  fit  the  segments  of  curves 
plotted  through  each  day’s  data.  Figure  4  illustrates  more  clearly  the  rela- 
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tionships  between  the  ambient  temperature  and  that  at  each  depth.  The 
temperature  fluctuations  diminish  in  amplitude  as  the  depth  increases,  and 
the  maxima  and  minima  become  displaced  in  time  as  the  thermal  lag  be¬ 
comes  more  apparent.  It  is  from  the  refined  curves  such  as  Figure  4  that 
the  attenuation  and  time  lags  have  been  determined.  They  in  turn,  were 
required  in  the  calculations  to  determine  the  thermal  properties  of  the  soil, 
of  which  they  are  functions. 

The  complete  picture  of  temperature  fluctuations  at  all  depths  is  pre¬ 
sented  in  Figure  5.  Through  the  seasons,  the  amplitudes  of  temperature 
fluctuations  at  the  34-inch,  63 -inch,  and  9 2 -inch  depths  are  so  small  that 
the  record  indicates  merely  slight  changes  from  week  to  week. 

DERIVATION  OF  THERMAL  DIFFUSIVITY  RELATIONSHIPS 


A  function  conveniently  applied  to  the  heat  flow  process  is  the  thermal 

k 

diffusivity  of  the  soil,  oc  =  -  where  k  is  the  thermal  conductivity  in 
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ture,  T  =  time,  and  x  is  the  depth  of  penetration  in  the  soil.  If  the  thermal 
diffusivity  is  known,  the  heat  lost  to  or  gained  from  the  soil  during  opera¬ 
tion  of  the  heat  pump  or  pipe  line  may  be  calculated. 

The  time  lag  between  the  surface  temperature  cycle  and  the  tempera¬ 
ture  cycle  at  depth  x  is  expressed  in  terms  of  cx  as 
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where  n  is  the  number  of  cycles  per  unit  of  time,  or  l/24  cycle  per  hour. 

,  the  maximum  deviation  of  the  temperature  at  depth  x. 
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Equation  1  is  convenient  for  predicting  the  time  of  maximum  and  mini¬ 
mum  temperature  occurrences  at  a  given  depth.  Equation  2  provides  supple¬ 
mentary  information — the  amplitude  of  temperature  deviations  at  depth  Xi, 
In  determining  the  thermal  diffusivity  from  the  observed  data,  it  ap¬ 
pears  that  sufficient  information  is  available  to  permit  the  application  of 
either  equation.  Flowever,  it  was  found  that  since  only  three  daily  tem¬ 
perature  observations  were  made,  it  is  not  possible  to  accurately  determine 
the  time  lags  between  cycles  at  successive  depths.  Small  errors  in  estimating 
the  lag  from  curves  became  significant,  precluding  the  application  of  Equa¬ 
tion  1.  Equation  2  as  written  expresses  the  amplitude  at  depth  Xi  in  terms 
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of  that  at  the  earth’s  surface.  It  was  possible  to  avoid  the  precise  techniques 
of  measuring  surface  temperatures  by  working  from  a  different  concept; 
an  arbitrary  depth  may  be  considered  as  the  surface  for  the  purpose  of  this 
manipulation.  With  the  intention  of  using  the  data  observed  at  two  depths 
to  determine  the  thermal  diffusivity  of  the  soil  between  these  depths,  a  re¬ 
lation  between  temperature  amplitude  at  depth  xi,  to  that  at  X2  may  be  ex¬ 
pressed  as 


which  is  stating  only  the  function  of  Equation  2. 

The  temperature  cycles  at  the  5 -inch  and  34-inch  depths  were  of  such 
amplitudes  that  the  percentage  of  error  in  the  readings  is  small.  Monthly 
averages  of  these  amplitudes  were  used  in  determining  the  average  oc  for 
each  period.  From  Equation  3, 
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As  shown  in  Table  1,  when 
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varies  from  20.9  to  3  5.3,  P  varies 


from  3.04  to  3.57;  a  70  per  cent  increase  in 
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results  in  a  17 


per  cent  increase  in  P.  This  method  of  solution  is,  therefore,  insensitive  to 
small  errors  in  the  original  data. 


SOLUTIONS  FOR  MONTHLY  THERMAL  DIFFUSIVITY 

The  solution  of  Equation  4  was  determined  for  each  month,  since  each 
month  represented  a  fairly  distinct  climatic  condition.  From  sine  curves 
sketched  through  plotted  points  of  the  data  for  the  5 -inch  and  34-inch 
depths,  the  following  solutions  of  Equation  4  can  be  tabulated: 
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TABLE  I 


kOl'TH 

Atxp 

At  V 

P 

p2 

.762 

f  - 

’  m 

deg.  F. 

<-  p2 

harch 

8.3 

0.38 

21.9 

3.08 

9.49 

0.080 

April 

h.9 

0.22 

22.2 

3.10 

9.61 

0.079 

Llay 

4.6 

0,22 

20.9 

3.04 

9.23 

0.082 

June 

k.k 

0.12 

35.5 

3.57 

12,75 

0.060 

July 

5.5 

0.16 

30.5 

3.42 

11.69 

0.065 

Au.^ust 

5.0 

0.23 

21.7 

3.06 

9.49 

0.030 

The  values  of  thermal  diffusivity,  cc ,  listed  in  Table  1  are  fairly  con¬ 
sistent.  The  diffusivity  decreases  during  the  dry  summer  months,  as  antici¬ 
pated. 

Further  analysis  of  the  past  data  will  be  conducted.  The  project  is 
being  continued  in  an  effort  to  obtain  records  for  at  least  two  annual  cycles. 
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SCOTTISH  REALISM  IN  AMERICAN  EDUCATION 


JAMES  P.  JEWETT 
The  University  of  Texas 

Philosophies  and  theories  of  education  affect  educational  practices  only 
insofar  as  they  are  accepted  and  acted  upon  by  those  in  charge  of  the  schools. 
The  ideas  which  have  exercised  the  greatest  influence  upon  the  character 
of  education  at  any  particular  period  are  not  necessarily  those  which  hold 
the  most  interest  for  us  today;  rather,  they  are  those  which  either  directly 
or  indirectly  entered  into  the  thinking  of  the  school  committees,  superin¬ 
tendents,  principals,  and  classrooms  teachers  of  the  time.  Thus  to  record  the 
educational  thought  of  America  during  the  first  century  of  its  existence  as 
a  republic  we  must  turn  to  the  works  of  the  men  and  women  who  were 
actually  building  our  school  system,  and  in  attempting  to  understand  the 
attitudes  and  beliefs  which  these  men  and  women  brought  to  their  task,  we 
must  look  into  the  institutions  in  which  they  received  their  own  education. 
These  were  the  academy,  the  public  high  school,  and  the  college,  along  with 
the  normal  school,  which,  however,  played  only  a  minor  role  until  the  Civil 
War.  The  philosophy  which  reigned  in  these  institutions  during  the  forma¬ 
tive  years  of  the  American  school  has  since  been  superseded;  but,  by  virtue 
of  its  predominance  over  a  long  and  crucial  period,  it  deserves  to  be  lifted 
at  least  for  examination  from  the  obscurity  to  which  historians  of  education 
have  generally  consigned  it. 

From  the  time  of  the  Revolution  to  the  Civil  War,  and  indeed  until 
the  18  80’s,  philosophy  in  American  secondary  schools  and  colleges  was  dom¬ 
inated  by  what  was  generally  known  as  "Scottish  realism,”  or,  more  fre¬ 
quently,  the  "Scottish  school.”^  The  real  founder  of  the  Scottish  school, 
according  to  Hamilton,  was  Gerschom  Carmichael,  Professor  of  Moral  Phi¬ 
losophy  in  the  University  of  Glasgow  early  in  the  eighteenth  century,  and 
it  numbered  among  its  exponents  Francis  Hutcheson  and  Adam  Smith,  both 
professors  of  moral  philosophy  at  Glasgow.  But  the  school  of  thought  which 
had  the  greatest  appeal  for  the  academicians  in  this  country  was  that  devel¬ 
opment  of  Scottish  realism  known  as  the  "philosophy  of  common  sense.” 
Thomas  Reid,  also  of  Glasgow,  was  the  originator  and  leading  prophet  of 
the  philosophy  of  common  sense,  and  it  was  from  him  and  from  his  able 
pupil  Dugald  Stewart,  to  a  lesser  extent  from  Thomas  Brown,  and  later 
from  Sir  William  Hamilton,  that  academic  thought  in  America  derived 
its  interests  and  the  major  tenets  of  its  creed. 

In  his  Inquiry  into  the  Human  Mind  on  the  Principles  of  Common 
Sense,  1763;  Essays  on  the  Intellectual  Powers  of  Man,  178  5,  and  Essays 
on  the  Active  Poivers  of  Man,  1788,  Reid  sets  forth  a  critical  answer  to  the 
scepticism  of  Hume,  which,  along  with  the  idealism  of  Berkeley,  he  found 
to  derive  from  Locke’s  theory  of  ideas.  According  to  Locke,  the  objects  of 
thought  are  ideas;  thus  "the  mind  knows  not  things  immediately,  but  only 
by  the  intervention  of  the  ideas  it  has  of  them.”-  Locke  himself  recognized 
the  consequences  of  this  doctrine:  "the  having  the  idea  of  anything  in  our 
mind  no  more  proves  the  existence  of  that  thing  than  the  picture  of  a  man 
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evidences  his  being  in  the  world.”®  Carried  to  its  logical  extreme,  as  Hume 
carried  it,  the  theory  leads  to  a  thorough  scepticism  regarding  the  validity 
of  human  knowledge. 

Reid  rejected  Locke’s  position  on  the  ground  that  it  was  a  mere  un¬ 
justified  assumption  which  led  to  conclusions  that  violate  the  common 
sense  of  mankind.  Thus  he  also  did  away  with  the  doctrine  of  mediate  per¬ 
ception:  that  is,  that  our  knowledge  of  self  and  of  the  external  world  is 
mediated  by  ideas  in  the  mind.  He  declared  that  perception  of  external  ob¬ 
jects  is  immediate  and  suggests  a  belief  in  the  existence  of  the  self.  ''Belief 
is  an  ingredient  in  consciousness,  in  perception,  and  in  remembrance.”^  This 
belief  Reid  called  a  "judgment  of  nature,”  and  he  extended  it  to  judgments 
of  relations:  thus  the  relation  of  cause  and  effect  is  naturally  suggested  to 
the  mind  by  a  perception  of  change,  and  its  existence  is  a  first  principle  to 
which  all  men  automatically  assent.  Man’s  conviction  of  the  real  existence 
of  the  objects  of  perception  and  consciousness,  like  his  belief  in  other  first 
principles,  is  inexplicable;  it  cannot  be  reduced  to  any  process  of  reasoning, 
but  must  be  ascribed  to  a  fundamental  and  unanalyzable  trait  which  may 
be  designated  "common  sense.” 

A  similar  description  may  be  applied  to  moral  truths  and  tO'  the  moral 
motives  of  action.  Man  receives  moral  truths  through  the  judgment  of  the 
conscience  or  moral  sense,  which  gives  him  an  immediate  knowledge  of  the 
moral  qualities  of  agents  and  their  acts  and  which  grasps  moral  ends.  In 
addition  to  this  intellectual  element,  the  conscience  also  contains  an  active 
element  which  moves  him  to  act  in  accordance  with  his  moral  knowledge. 
This  doctrine  that  moral  ends  are  determined  by  a  rational  principle  as  well 
as  an  active  principle  Reid  opposed  to  Hume’s  theory  that  moral  ends  are 
derived  from  a  sentiment  or  "feeling  for  the  happiness  of  mankind,”  not 
from  the  reason. 

The  philosophy  of  common  sense  was  introduced  into  this  country  by 
John  Witherspoon,  who  left  his  pastorate  in  Scotland  in  1768  to  become 
president  of  Princeton  College.  There  he  found  a  taint  of  Berkeleyan  ideal¬ 
ism  among  his  tutors,  perhaps  influenced  by  Samuel  Johnson  of  Columbia. 
Condemning  immaterialism  as  "a  wild  and  ridiculous  attempt  to  unsettle 
the  principles  of  common  sense  by  metaphysical  reasoning,”^  Witherspoon 
triumphed  at  Princeton  and  prepared  the  philosophic  ground  for  further 
cultivation  by  his  son-in-law,  Samuel  Stanhope  Smith,  who  succeeded  him 
as  president.  The  Scottish  philosophy  flourished  under  Smith  and  began  to 
make  headway  in  other  colleges,  particularly  the  Presbyterian  institutions 
growing  up  under  the  influence  of  Princeton. 

A  second  fruitful  stimulus  to  the  rise  of  Scottish  philosophy  in  Amer¬ 
ica  was  the  work  of  Dugald  Stewart,  of  the  University  of  Glasgow.  Al¬ 
though  his  contributions  to  speculative  thought  were  not  great,  he  was  a 
splendid  teacher  and  attracted  students  from  America  and  the  Continent. 
His  Philosophy  of  the  Active  and  Moral  Powers  appeared  in  1828,  and  his 
complete  works  were  published  in  Cambridge,  Massachusetts,  in  the  fol¬ 
lowing  year.  Stewart’s  writings  were  perhaps  even  more  widely  studied  in 
American  colleges  than  those  of  Reid. 

The  Scottish  school  rapidly  established  itself  as  the  academic  orthodoxy 
of  America.®  Philosophy  in  the  college  divided  into  two  branches,  mental 
and  moral,  following  the  method  of  Reid  and  Stewart.  The  required  course 
in  moral  science  was  frequently  taught  in  the  senior  year  by  the  presidents, 
some  of  whom  wrote  or  edited  their  own  texts.  Its  purpose  in  the  curricu- 
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lum  was  to  purvey  the  established  truth  of  ethics,  to  give  instruction  rather 
than  encourage  speculation,  and  to  provide  an  organized  approach  to  the¬ 
oretical  ethics  and  practical  problems  of  personal,  social,  and  political  moral¬ 
ity.  By  18  50,  James  Walker  of  Harvard  could  write:  "The  psychology 
generally  taught  in  England  and  in  this  country  for  the  last  fifty  years 
has  been  that  of  the  Scotch  School  of  which  Dr.  Reid  is  the  acknowledged 
head  .  .  .  The  name  of  Reid  .  .  .  historically  considered  is  second  to  none 
among  the  British  psychologists  and  metaphysicians,  with  perhaps  the  single 
exception  of  Locke. After  the  Civil  War,  academic  philosophy  was  gradu¬ 
ally  infused  with  the  critical  spirit  and  the  idealism  which  an  ever-increasing 
number  of  American  students  brought  home  from  the  German  universities,^ 
It  is  fitting  that  the  port  of  entry  of  Scottish  common  sense  was  the  citadel 
of  its  last  strong  champions,  Charles  Shields  and  James  McCosh,  the  latter 
of  whom,  in  1887,  could  still  find  it  in  his  heart  to  declare  that  "the  Ameri¬ 
can  philosophy  will  ...  be  a  Realism,  opposed  to  Idealism  on  the  one  hand 
and  to  Agnosticism  on  the  other.”^ 

Education  on  the  secondary  level  reflected  the  situation  in  the  col¬ 
leges.  The  academy  had  generally  used  such  works  as  Watts’  On  the  Mind 
and  Butler’s  Analogy  of  Religion,  and  it  is  natural  that  they  should  change 
their  programs  in  accordance  with  developments  in  the  college.  It  is  especi¬ 
ally  interesting  to  find  that  the  public  high  schools  which  began  to  grow 
up  in  our  cities  very  frequently  included  courses  in  moral  and  mental  science 
in  their  curricula. 

It  is  hard  to  estimate  the  extent  to  which  these  subjects  were  taught, 
but  a  conservative  guess  would  place  them  in  well  over  half  the  high  schools 
in  this  country.^^  They  served  an  important  purpose.  Mental  science,  which 
was  perhaps  the  more  popular  of  the  two,  gave  students  an  insight  into  the 
operations  of  the  mind  and  frequently  devoted  some  attention  to  logic  and 
mental  improvement.  Moral  science,  as  it  was  generally  taught,  was  largely 
concerned  with  practical  ethics,  including  personal  morality,  social  and  eco¬ 
nomic  institutions,  politics,  and  government.  It  gave  pupils  a  broad  and 
unified  view  of  subjects  which  they  would  not  touch  in  their  other  studies. 
After  18  80  both  subjects  lost  ground  rapidly.  When  philosophy  on  the 
college  level  developed  as  a  specialized  department  concerned  largely  with 
technical  problems,  it  naturally  gave  up  its  great  usefulness  for  the  public 
high  school.  At  the  same  time,  the  Herbartian  movement  created  a  greater 
interest  in  history  and  literature  for  their  moral  value,  and  as  these  subjects 
gained  ground  practical  ethics  lost  its  unique  function.  The  influential  Com¬ 
mittee  of  Ten  of  the  National  Educational  Association  helped  usher  it  out 
in  1894,  saying  in  their  report:  "neither  ethics  nor  economics,  neither  meta¬ 
physics  nor  aesthetics  appear  in  the  programs,  but  in  the  large  number  of 
periods  devoted  to  English  and  history  there  would  be  some  time  for  inci¬ 
dental  instruction  in  the  elements  of  these  subjects. Such  was  the  formal 
notice  of  the  passing  of  moral  and  mental  science  from  the  high  school 
curriculum. 

In  mental  science,  or  intellectual  philosophy,  as  it  was  sometimes  called, 
the  favorite  texts  seem  to  have  been  those  of  Thomas  Upham  and  Francis 
Wayland.  Upham  was  one  of  the  first  American  textbook  writers  in  this 
field,  and  certainly  was  the  most  outstanding.  His  first  text  appeared  in 
1827,  and  his  later  books  were  still  printed  in  1896.  In  1840  he  prepared 
an  abridgement  of  his  text  expressly  for  high  schools  and  academies.  Al¬ 
though  his  writing  is  marked  by  considerable  force  and  originality  of 


1953,  No.  3 
S^tember 


Realism  in  American  Education 


323 


thoughts  in  essentials  he  adhered  to  the  Scottish  philosophy,  particularly  in 
his  use  of  an  elaborate  scheme  of  mental  faculties.  He  did  not  claim  that 
these  faculties  were  separate  parts  of  the  mind,  but  by  separating  them  for 
purposes  of  description  he  naturally  tended  to  consider  them  in  isolation, 
each  with  its  own  proper  sphere  of  action.  Wayland,  too,  followed  the 
Scottish  philosophy,  as  did  Abercrombie  and  Hubbard  Winslow,  whose 
texts  also  appeared  in  the  high  schools. 

In  moral  science,  the  textbook  written  in  183  5  by  Francis  Wayland, 
President  of  Brown  University,  and  abridged  in  the  same  year  for  high 
schools  and  academies,  was  easily  the  most  popular.  According  tO’  Mark 
Hopkins  in  1862,  it  was  the  most  popular  work  on  morals  published  in 
America.^^  Before  its  appearance,  practical  ethics  was  usually  taught  from 
Paley’s  Moral  and  Political  Philosophy^  which  was  a  fine  presentation  of 
that  subject  but  was  based  on  utilitarian  principles  which  rendered  it  ob¬ 
jectionable  to  followers  of  the  Scottish  school.  The  immediate  rise  to  popu¬ 
larity  of  Wayland’s  book  testifies  to  the  dominance  of  Scottish  philosophy 
in  America  at  that  time.  It  also  testifies  to  the  demand  for  practical  rather 
than  speculative  philosophy,  one  hundred  and  fifty  pages  of  the  book  being 
devoted  to  ethical  theory  and  some  two  hundred  and  fifty  pages  being  given 
to  practical  ethics.  Its  theory  was  based  squarely  on  that  of  Scottish  com¬ 
mon  sense,  with  a  large  admixture  of  religion.  Two  features  stand  out:  the 
conception  of  the  moral  faculty  or  conscience  as  the  source  of  our  moral 
ideas,  judgments,  and  motives  (which  faculty,  however,  must  be  aided  by 
the  truths  of  natural  and  revealed  religion) ;  and  second,  the  idea  that  the 
moral  quality  of  an  action  subsists  in  the  intention  behind  it. 

Although  Wayland  did  stress  the  importance  of  religion  and  what  he 
called  man’s  external  relations,  it  is  fair  to  say  that  in  his  ethics  the  whole 
question  of  conduct,  its  motives  and  its  true  morality,  centered  in  the 
psychological  make-up  of  the  individual.  This  type  of  theorizing  seems  to 
have  been  very  popular  among  those  who  lectured  and  wrote  upon  edu¬ 
cation,  and  it  made  a  real  contribution  to  progress  in  that  field  by  helping 
direct  their  attention  to  the  inner  life  of  the  child.  Educators  were  waken¬ 
ing  to  a  realization  that  it  is  not  the  overt  behavior  of  the  pupil  but  rather 
what  is  going  on  within  his  thoughts  and  feelings  that  controls  the  quality 
of  his  learning,  especially  his  moral  growth.  This  idea  had  a  strong  influence 
upon  school  practices,  notably  in  the  partially  successful  attempts  to  elimi¬ 
nate  harsh  punishment  and  excessive  competition.  Actually,  the  whole 
method  of  Scottish  philosophizing  did  much  to  create  an  interest  in  the 
analysis  of  psychological  facts  and  the  application  of  such  an  analysis  to 
the  practical  problems  of  education. 

Perhaps  even  more  significant  for  educational  thought  in  America  was 
the  Scottish  approach  to  psychological  analysis  on  the  basis  of  mental  powers 
or  faculties.  The  existence  of  distinguishable  original  mental  powers  was 
simply  taken  for  granted.  Also  more  or  less  taken  for  granted  was  the  sus¬ 
ceptibility  of  these  natural  faculties  to  improvement  through  training  and 
exercise.  The  history  of  the  theory  of  formal  discipline  is  not  clear;  the 
custom  of  making  Locke  responsible  for  the  theory  has  been  discredited,  and 
the  attempt  to  ascribe  it  to  Pestalozzi  and  his  followers  is  not  wholly  con¬ 
vincing.  In  light  of  the  Scottish  school  in  America,  it  seems  reasonable  to 
suggest  that  our  nineteenth  century  devotion  to  training  mental  faculties 
derived  in  good  part  from  that  school’s  approach  to  the  study  of  mind. 
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The  general  influence  of  Scottish  common  sense  upon  American  educa¬ 
tional  philosophy  is  not  easy  to  discover,  but  does  not  deserve  to  be  over¬ 
looked.  The  thinking  of  men  like  Horace  Mann  and  Henry  Barnard  and 
the  other  leaders  in  the  common  school  movement  was  above  all  a  practical 
attack  upon  current  problems.  It  derived  from  many  sources  and  reflected 
the  humanitarianism,  individualism,  and  democracy  of  contemporary  Amer¬ 
ica.  It  was  susceptible  to  the  intellectual  vagaries  of  the  day.  Horace  Mann, 
for  example,  was  a  really  ardent  admirer  of  the  phrenology  of  George  Combe, 
and  even  explored  the  cranial  topography  of  William  Henry  Harrison. 
Combe  himself  looked  upon  his  phrenology  as  an  application  of  the  psycho¬ 
logical  method  of  the  Scottish  school,  and  his  own  indebtedness  to  Hutche¬ 
son,  Smith,  Reid,  Stewart,  and  Brown  illustrates  the  sometimes  roundabout 
ways  in  which  Scottish  realism  touched  American  education.^®  Just  as  its 
psychological  methods  could  be  used  as  justification  for  such  an  outlandish 
system.,  as -Combe’s,  so  the  appeal  to  common  sense  served  often  merely  as 
a  reaffirmation  of  established  opinion.  This  characteristic  of  the  philosophy 
of  comm.on  sense — its  tendency,  in  the  hands  of  the  orthodox,  to  canonize 
the  conventional — was  perhaps  its  greatest  failing.  At  the  same  time,  that 
very  feature  is  probably  what  made  it  so  useful  in  high  schools  and  colleges, 
where  it  offered  students  an  easy  resolution  of  speculative  doubt  and  gave 
them  a  comprehensive  unified  outlook  upon  practical  ethics.  It  is  somewhat 
ironical  to  conclude  that  its  major  shortcomings  gave  Scottish  common 
sense  its  position  for  over  half  a  century  as  the  standard  academic  philosophy 
of  America. 
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This  paper  is  a  brief  report  on  one  aspect  of  study  of  the  culture  of 
a  Texas  Panhandle  community  (Bailey,  1952).  The  project  was  financed 
jointly  by  the  "'Comparative  Study  of  Values  in  Five  Cultures”  Project 
of  the  Laboratory  of  Social  Relations,  Harvard  University,  with  funds  pro¬ 
vided  by  the  Social  Science  Division  of  the  Rockefeller  Foundation,  and 
the  Research  Institute  of  the  University  of  Texas.  The  field  work  was  done 
in  the  summer  and  fall  of  1950.  It  is  recognized  that  the  period  of  field 
work  was  rather  short  in  terms  of  the  data  obtained.  However,  due  to  the 
fact  that  there  is  a  major  lack  of  published  data  for  most  types  of  Texas 
communities,  it  is  thought  best  to  present  some  of  the  material  collected. 
The  statements  made  in  this  paper  are  therefore  of  a  preliminary  nature. 
The  major  objective  is  to  suggest  a  pattern  that  can  be  tested  and  modified 
in  the  light  of  further  research  in  this  area  and  other  parts  of  Texas. 

The  community  studied  was  Cotton  Center,  Texas,  an  unincorporated 
farming  community  in  western  Hale  County,  thirteen  miles  southwest  of 
Hale  Center.  In  1950,  Cotton  Center  community  consisted  of  two  churches, 
two  stores,  two  blacksmith  shops,  two  cotton  gins,  a  school,  a  filling  sta¬ 
tion,  a  butane  dealer,  a  cafe,  a  self  service  laundry,  a  post  office,  and  a 
number  of  houses.  About  one  hundred  people  live  in  the  village  cluster, 
and  another  three  or  four  hundred  in  the  surroundings  farms  consider  them¬ 
selves  as  living  in  the  Cotton  Center  community.  For  purposes  of  analysis 
the  Cotton  Center  School  District  was  taken  as  the  area  of  study. 

This  region  of  the  Texas  Panhandle  has  seen  almost  all  of  its  develop¬ 
ment  in  the  last  sixty  years.  Most  of  the  successful  early  settlers  were  ranch¬ 
ers.  Farming  did  not  begin  to  be  important  until  after  the  first  railroad  in 
1907.  The  big  farming  boom  came  during  the  1920’s.  Cotton  Center,  as 
a  village,  started  in  192  5  around  the  nucleus  of  a  cotton  gin  and  a  store. 
Within  three  years  it  reached  a  level  almost  equal  to  its  present  size.  The 
most  recent  changes  have  taken  place  in  the  last  decade  through  the  utili¬ 
zation  of  well  irrigation. 

The  community  is  completely  dependent  upon  farming.  The  handful 
of  businesses  are  completely  dependent  upon  the  farmers.  Cotton  Center  is 
located  where  the  northern  fringe  of  the  cotton  belt  overlaps  the  southern 
boundary  of  the  Plains  wheat  belt.  The  other  major  crop  is  grain  sorghum. 
Although  ranching  has  gone,  cattle  are  still  raised  and  permanent  pasture 
is  an  important  introduction.  The  level  of  farm  income  is  uniformly  high 
and  the  standard  of  living  has  in  recent  years  become  almost  equal  to  town 
living.  This  South  Plains  irrigation  area  is  one  of  the  few  agricultural  regions 
in  the  State  to  show  an  increase  in  population.  The  country  is  still  growing 
and  community  attitudes  reflect  this  growth.  Many  of  the  details  of  the 
status  structure  of  Cotton  Center  are  to  be  related  to  its  history  and  devel¬ 
opment. 
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FIG.  1— Social  stratification  in  Cotton  Center. 


The  people  in  Cotton  Center  seem  to  have  the  same  background.  That 
is,  they  moved  into  the  area  from  central  and  eastern  Texas  and  from  Okla¬ 
homa.  Their  families  had  in  turn  moved  from  the  Old  South.  In  spite  of 
this  uniformity  of  population  is  was  found  that  the  people  were  divided 
into  a  number  of  different  groups  that  indicated  social  ranking.  These  social 
rankings  or  status  positions  and  their  interrelationships  are  diagrammed  in 
figure  1. 

The  community  nucleus  is  composed  of  farm  operators  and  a  few 
business  men.  This  is  not  a  uniformly  integrated  group  and  is  split  along 
several  cleavage  planes.  Horizontally  the  community  is  divided  into  two 
groups  on  the  basis  of  the  time  of  settlement  in  the  area.  The  Old  Timers 
represent  families  that  moved  in  first.  Traditionally  they  were  ranchers. 
Actually  most  of  them  were  "nesters”  who  homesteaded  or  bought  land 
between  the  large  ranch  spreads.  Their  ambition  was  to  be  ranchers,  but 
many  of  them  were  dependent  partially  on  grain  farming. 

After  the  arrival  of  the  first  railroad  in  1907,  farming  became  increas¬ 
ingly  important,  with  a  boom  taking  place  in  the  middle  1920’s.  The  Old 
Timers  define  themselves  as  being  members  of  the  group  who  arrived  before 
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1924,  a  date  correlated  with  the  building  of  the  second  railroad  and  followed 
by  the  breaking  up  of  the  last  big  ranch  spread  in  the  area.  The  boom 
brought  a  new  crop,  cotton,  and  in  192  5  the  first  cotton  gin  in  Cotton 
Center  was  built.  Cotton  was  introduced  by  poor,  land-hungry  farmers  from 
eastern  Texas  and  Oklahoma.  With  cotton  came  migrant  labor.  The  Old 
Timers  looked  upon  the  cotton  farmer  as  an  intruder.  One  of  the  early 
settlers  describes  the  situation  as  follows: 

We  never  locked  our  doors  or  worried  about  hot  checks  until  then. 

Most  of  them  were  no-goods  who  never  had  anything  and  were  looking 
for  cheap  land.  Fortunately  most  of  them  didn't  make  good  and  moved  on. 

A  few  did  stay  and  they  are  some  of  the  wealthiest  people  in  the  commun¬ 
ity.  Those  who  came  a  little  later  were  from  down  off  the  Cap  Rock  and 
from  western  Oklahoma.  Let  the  soil  begin  to  blow  and  they  are  out  work¬ 
ing  on  it,” 

The  newer  groups  recognize  the  Old  Timers  as  a  distinct  and  power¬ 
ful  group.  They  are  considered  to  be  the  ones  who  are  running  the  com¬ 
munity.  The  investigator  was  repeatedly  warned  to  stay  away  from  the 
Old  Timers.  '"Never  cross  one  of  them,”  and  "They  all  stick  together,” 
were  frequent  statements.  Much  of  the  resentment  against  the  older  group 
is  tied  up  in  the  land  problem.  Most  of  the  newer  people  were  forced  to 
rent  from  the  Old  Timers.  Today  about  one-third  of  the  farmers  are  rent¬ 
ers.  Three  members  of  the  older  group  own  almost  all  of  the  village  site 
of  Cotton  Center  and  lease  lots  for  stores  and.  houses.  Numerous  people 
expressed  the  opinion  that  Cotton  Center  would  be  as  big  as  Hale  Center 
if  business  men  could  buy  land  on  which  they  could  erect  modern  buildings. 

To  a  large  extent  a  similar  situation  exists  with  the  farm  land.  New 
arrivals  are  frequently  forced  to  rent  from  the  Old  Timers.  One  man  owns 
2700  acres  of  farm  land,  and  another  3  500  acres  is  part  of  an  estate.  Some 
of  the  farms  are  rented  from  retired  farmers  or  the  heirs  of  the  earlier 
group. 

The  social  division  is  institutionalized  in  the  three  church  groups  rep¬ 
resented  in  the  community.  The  Baptist  Church  is  the  oldest  and  largest 
of  the  three.  Most  of  the  officers  in  community  organizations  are  members. 
Such  positions  include  the  whole  school  board,  which  has  had  the  same  presi¬ 
dent  for  fourteen  years,  presidents  of  the  two  home  demonstration  clubs, 
president  of  the  co-op  cotton  gin,  etc.  All  but  one  of  the  local  business  men 
are  associated  with  this  group.  The  membership  in  the  Baptist  Church 
seems  to  represent  the  old  established  and  conservative  element  in  the  com¬ 
munity.  The  power  position  of  many  of  the  Old  Timers  is  institutionalized 
by  participation  in  this  group.  New  people  who  are  conservative  have  aligned 
themselves  with  the  Baptists. 

The  Methodist  Church  has  a  much  smaller  membership  and  has  been 
in  the  community  for  about  ten  years.  The  Methodist  leadership  is  primarily 
from  newer  people  in  the  area.  A  high  percentage  of  the  membership  are 
renters.  Methodists  are  strong  in  the  local  Farm  Bureau  and  the  Parent- 
Teachers  Association.  The  latter  was  organized  to  fight  the  policies  and 
the  control  of  the  Baptist  dominated  school  board. 

The  Church  of  Christ  has  a  strong  core  in  Cotton  Center.  It  repre¬ 
sents  an  old  stable  group  in  the  community.  The  Church  of  Christ  organi¬ 
zation  and  doctrine  builds  up  a  strong  group  solidarity.  Its  members  tend 
to  participate  primarily  with  each  other  and  to  separate  from  the  Baptist 
dominated  community  activity.  At  the  time  of  the  study  they  did  not  have 
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a  building  in  Cotton  Center  and  were  going  to  Hale  Center,  They  were  in 
the  midst  of  negotiating  for  a  building  site.  Many  people  said  that  the  Bap¬ 
tist  Old  Timers  had  kept  the  other  churches  out  of  the  community.  The 
school  board  had  refused  the  Methodists  use  of  the  school  building,  and  it 
was  not  until  1950  that  they  were  able  to  obtain  a  lot  and  erect  a  building. 

The  independent  or  non-church,  especially  the  Old  Timers,  interact 
with  the  Baptist  group.  These  three  church  groups  form  rather  clear  cleav¬ 
age  planes  along  which  the  community  splits  on  various  issues.  Although 
the  differences  are  important,  they  do  not  constitute  clearly  stratified  groups. 
They  are  more  or  less  parallel,  with  the  Baptists  pinching  out  the  Metho¬ 
dists  in  leadership  positions.  The  wealthiest  family  in  the  community,  and 
the  one  with  the  highest  status  outside  of  the  community,  belongs  to  the 
Church  of  Christ. 

Beneath  these  nearly  parallel  groups  are  the  various  levels  of  agricul¬ 
tural  laborers.  At  the  top  are  the  hired  hands  and  white  cotton  pickers. 
They  are  highly  mobile  and  do  not  stay  in  the  community  very  long.  Most 
of  them  are  considered  to  be  "Poor  White  Trash”  and  only  a  small  part 
of  them  become  a  recognized  part  of  the  community. 

In  reality  this  migrant  white  labor  group  has  furnished  a  large  per¬ 
centage  of  the  present  population.  Many  of  the  settlers  of  the  1920’s  were 
members  of  this  group.  They  were  hunting  work  and  land.  A  few  stayed 
but  most  moved  on.  Some  went  as  far  as  California  and  others  homesteaded 
in  New  Mexico.  The  latter  frequently  returned  seasonally  to  earn  cash 
picking  cotton.  Those  who  stay  and  become  a  part  of  the  community  do 
so  by  becoming  farm  operators.  Two  seemingly  typical  life  histories  illus¬ 
trate  this  pattern. 

I  was  one  of  a  family  of  ten  children  raised  in  Arkansas.  As  soon  as 
we  got  big  enough  to  work  we  had  to  make  our  own  way.  One  summer  I 
worked  the  wheat  harvest  and  on  the  way  home  stopped  to  visit  an  uncle 
in  Oklahoma.  He  told  me  that  they  were  paying  good  wages  for  picking 
cotton  in  Texas.  I  worked  my  way  across  the  Panhandle.  I  ended  up  by  get¬ 
ting  a  job  on  a  ranch.  After  I  married  I  rented  a  place  for  ten  years  and 
three  years  ago  managed  to  buy  this  place  from  a  man  who  retired  and  went 
to  California. 

In  1928  my  brother  stopped  here  while  picking  cotton.  The  next 
year  I  came  with  him.  For  two  years  we  worked  for  wages.  We  saved 
enough  to  make  a  down  payment  on  a  second  hand  tractor  and  rented  a 
place. 

Beneath  the  White  groups  are  two  caste-like  divisions  to  which  the 
Mexicans  and  Negroes  belong.  Both  groups  are  primarily  migrant  laborers. 
Few  of  them  become  a  permanent  part  of  Cotton  Center  community.  One 
lone  Negro  man  has  worked  for  one  family  for  many  years,  and  an  occas¬ 
ional  Mexican  stays  for  a  year  as  a  hired  man. 

The  Mexicans  come  to  Cotton  Center  as  a  part  of  their  yearly  migra¬ 
tion  cycle.  Formerly  Cotton  Center  was  on  the  northern  fringe  of  the 
cotton-picking  movement.  Now  the  Mexican  labor  comes  from  a  different 
group.  In  recent  years  a  large  group  of  them  have  been  migrating  directly 
from  the  lower  Rio  Grande  Valley  to  the  sugar  beet  fields  in  Colorado.  Each 
fall  they  go  back  to  their  homes  in  the  Valley.  Some  of  them  stop  on  the 
way  to  pick  this  late  cotton.  When  the  frosts  come  they  move  on  and  the 
farmers  turn  to  machines.  The  farmers  say  that  this  new  group  of  Mexicans 
is  of  a  more  desirable  type. 


330 


The  Texas  Journal  of  Science 


1953,  No,  3 
September 


The  attitudes  toward  the  influx  of  migrant  Mexicans  are  somewhat 
contradictory.  The  merchants  like  to  see  them  come  because  of  the  increase 
in  business.  Socially  the  feelings  are  different.  There  is  only  limited  inter¬ 
action  with  the  Whites.  Contacts  in  the  school  are  limited  by  either  hav¬ 
ing  a  vacation  at  the  height  of  the  season  or  going  on  a  half-day  schedule. 
The  Mexican  children  will  go  in  the  morning  so  that  they  can  work  in  the 
afternoon.  In  the  Hale  Center  theater  the  Mexicans  are  informally  segre¬ 
gated  in  one  corner.  At  the  height  of  the  season  they  attend  special  Spanish- 
languige  shows. 

The  Negroes  form  a  distinct  group  at  the  bottom  of  the  hierarchy. 
The  customary  pattern  of  segregation  prevails.  Some  anxiety  was  expressed 
because  a  number  of  Negro  families  were  settling  permanently  on  the  edge 
of  Hale  Center.  In  19H  Hale  Center  opened  its  first  Negro  school.  It  will 
be  important  to  watch  the  development  of  attitudes  as  the  permanent  Negro 
and  Mexican  population  grows. 

This  brief  description  of  the  status  system  in  Cotton  Center  suggests 
a  number  of  important  problems.  First,  what  is  the  reality  of  the  system? 
Do  the  people  in  the  community  see  the  system  or  is  it  a  construct  of  the 
investigator?  As  presented,  the  system  is  a  composite  of  statements  and 
observations  made  by  different  people  having  different  relationships  to  the 
community.  The  split  between  the  Old  Timers  and  the  newer  settlers  was 
described  by  both  groups.  The  Old  Timers  constitute  a  definite  group  of 
families  that  could  be  enumerated.  The  more  recent  migrants  constitute  a 
vague  heterogeneous  group  best  distinguished  as  those  who  were  not  Old 
Timers.  The  split  between  the  church  groups  and  their  power  relationships 
was  the  most  frequently  mentioned  aspect  of  the  system.  The  division  on 
both  the  time  axis  and  the  religious  axis  was  described  and  recognized  not 
only  by  residents  of  the  community  but  by  people  living  outside  of  Cotton 
Center. 

Second,  what  is  the  degree  of  separation  between  the  status  groups? 
It  is  possible  for  a  great  deal  of  movement  from  one  group  to  another  to 
occur.  There  is  the  stereotype  pattern  of  entrance  into  the  community  struc¬ 
ture  from  the  migrant  laborer  group.  The  Old  Timers  have  institutionalized 
some  of  their  power  in  the  Baptist  Church,  which  draws  most  of  its  mem¬ 
bership  from  the  new  elements.  As  yet  a  clear-cut  class  system  has  not  de¬ 
veloped.  Will  it  crystallize  as  the  population  becomes  stabilized?  As  already 
indicated,  the  lines  of  separation  between  the  White,  Mexican,  and  Negro 
groups  are  clear-cut  and  almost  never  crossed. 

Third,  do  the  status  categories  correlate  with  other  factors?  In  other 
words,  do  they  constitute  distinct  sub-cultures?  The  cultural  distinctions 
between  the  racial  groups  are  well  known.  There  is  evidence  of  certain 
cultural  distinction  between  the  groups  of  White  farmers.  For  example,  the 
Old  Timers  have  a  submissive  attitude  toward  nature.  They  say  that  the 
seasons  run  in  a  five-year  cycle.  One  year  in  five  will  be  a  bumper  crop 
year,  three  will  be  average,  and  the  fifth  year  will  be  a  complete  failure. 
In  addition,  during  a  man’s  lifetime  he  will  make  one  unusually  good  crop. 
The  newer  settlers  lean  toward  the  concept  that  man  can  obtain  a  rational 
mastery  over  nature.  Irrigation,  soil  conservation  practices,  fertilization, 
and  other  techniques  should  be  developed  to  insure  a  good  crop  every  year. 

Fourth,  what  is  the  relationship  of  the  structure  in  Cotton  Center  to 
that  of  other  communities?  Is  it  unique  or  is  it  part  of  a  larger  pattern 
of  American  society?  Cotton  Center  is  not  isolated  socially.  Its  residents 
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make  frequent  trips  to  visit  relatives  and  friends  in  other  sections  of  the 
country.  The  ties  between  the  rural  community  and  the  nearby  towns  are 
strong.  Living  conditions  on  the  farm  have  been  improved  by  new  hous¬ 
ing,  rural  electrification,  telephone,  improved  roads,  and  schools.  Many  of 
the  distinctions  between  the  farmer  and  city  worker  have  been  erased.  In 
other  words.  Cotton  Center  is  definitely  a  part  of  a  larger  structure. 

Fifth,  how  does  Cotton  Center  fit  into  the  larger  American  pattern? 
This  question  cannot  be  adequately  answered  at  this  time  because  there 
is  no  general  agreement  as  to  what  this  structure  is  like  or  even  if  there 
is  a  status  structure  in  the  mass  society.  The  status  structure  in  Cotton 
Center  shows  a  marked  similarity  to  that  of  several  agricultural  communi¬ 
ties  in  California.  This  is  particularly  true  of  the  fundamental  division  be¬ 
tween  the  nuclear  group  of  farm  operators  and  business  man  and  the  outside 
group  of  agricultural  laborers  (Goldschmidt,  1947).  The  power  domination 
of  the  pioneer  settlers  has  been  described  in  numerous  parts  of  the  country. 
The  correlation  of  social  groups  with  denominational  affiliation  has  been 
described  in  both  California  and  in  Illinois  (Goldschmidt,  1944;  Bailey, 
1949).  Several  agricultural  and  social  workers  in  the  State  of  Texas  have 
told  the  author  that  one  of  their  most  difficult  problems  is  that  of  over¬ 
coming  the  religious  cleavage  in  order  to  develop  unified  community  effort. 

This  has  been  a  description  of  the  status  structure  in  one  Texas  com¬ 
munity.  Further  study  is  needed.  First,  this  has  been  a  descriptive  study 
and  the  structure  outlined  needs  to  be  quantitatively  studied  and  tested. 
Secondly,  there  is  a  definite  need  for  a  series  of  studies  sampling  the  differ¬ 
ent  regions  and  types  of  communuities  in  Texas.  Only  then  can  the  State 
as  a  whole  be  understood. 
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DOLOMITIZATION 


P.  R.  WOODSIDE 
Texas  Company,  Abilene,  Texas 

INTRODUCTION 

There  is  decrease  in  percentage  of  dolomite  from  the  older  to  younger 
geologic  formations  (see  Table  I)=  Much  discussion  has  resulted  in  an  effort 
to  explain  this.  These  explanations  can  be  grouped  under  the  subject  of 
'^Dolomitization”  or  the  changing  of  limestone,  CaCOg,  to  dolomite, 
CaMg(C03)^.  Generally  speaking  dolomites  are  formed  by  alteration  of 
already  deposited  limestones;  an  exception  to  this,  however,  is  the  deposi¬ 
tion  of  dolomites  with  evaporates,  which  is  a  primary  process.  The  problem 
then  is  when,  under  what  conditions  of  temperature,  pressure,  chemical 
composition  of  the  sea,  time  duration,  or  a  combination  of  these  factors, 
does  dolomitization  take  place.  Many  hypotheses  based  on  laboratory  analyses 
and  field  observation  have  been  postulated.  Most  of  these  studies  can  be 
listed  under  two  main  groups:  (a)  dolomites  that  show  criteria  for  origin 
after  emergence  from  the  sea;  (b)  dolomites  that  present  evidence  for 
formation  before  emerging  from  the  sea. 


TABLE  I 


LIME-MAGNESIA  RATIO  IN  LIMESTONES  OF  VARIOUS  AGES 

(After  Daly) 

Ca-Mg  No.  of 

ratio  Analyses 

Pre-Devonian  . ^ .  3.35  to  1  392 

Devonian  .  6.29  to  1  106 

Carboniferous  .  12.45  to  1  238 

Cretaceous  .  56.32  to  1  77 

Tertiary  .  53.09  to  1  26 

Quaternary  and  Recent  . 35.00  to  1  26 

865 


EVIDENCE  OF  THE  ORIGIN  OF  DOLOMITES 

Post  Emergent  Dolomites.  Post  emergent  dolomites  include  a  small 
percentage  of  all  dolomites.  Criteria  include  dolomite  vein  material  and 
those  limestones  that  show  replacement  near  faults  and  fissures.  Such  ex¬ 
amples  are  described  from  the  Joplin  zinc  district  and  Aspen,  Colorado. 
At  Aspen,  hot  magnesium  waters  rise  through  limestone  and  locally  alter  it 
to  dolomite.  This  is  dolomitization  by  contact  metamorphism  (Grabau, 
1932,  p.  761).  As  magnesium-bearing  hydrothermal  solutions  come  into 
contact  with  calcite,  either  dolomite  or  magnesite,  MgCOn,  will  be  formed 
depending  on  the  supply  of  magnesium  available. 

It  has  been  observed  (Grabau,  op.  cit.)  that  in  general  the  limestones 
which  have  been  affected  by  orogenies,  or  mountain  building  processes,  are 
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more  often  altered  to  dolomites  than  those  not  so  disturbed.  An  example 
would  be  the  Tertiary  "limestones”  of  the  Coast  Range  of  California  and 
the  Alps,  which  have  more  magnesium  than  undisturbed  limestones  of 
equivalent  age.  Dolomitization  under  this  condition  may  be  explained  by 
the  fact  that  shattered  strata  facilitate  the  circulation  of  magnesium-bear¬ 
ing  waters,  which  is  probably  the  dissolving  agency  by  which  replacement 
is  brought  about. 

The  cementing  of  dolomite  detritus  to  form  a  clastic  dolomite  would 
not  exactly  be  classed  as  dolomitization,  but  is  most  certainly  the  origin  of 
several  dolomite  beds.  For  example,  a  formation  as  the  Upper  S  ilurian 
Monroe  dolomite  of  Michigan  and  Ohio  was  probably  derived  by  the  de¬ 
struction  of  the  older  Niagaran  and  was  deposited  as  dolomitic  "sand”  and 
"mud”  (Grabau,  op.  cit.;  Twenhofel,  1950,  p.  385).  The  Monroe  dolomite 
is  well  bedded,  fine  and  uniformly  grained,  and  contains  few  or  no  fossils. 
From  such  initial  criteria,  a  chemical  precipitation  has  been  frequently  pos¬ 
tulated  to  explain  such  beds,  but  they  are  minutely  grained  dolomites  re¬ 
cemented.  Though  the  Monroe  is  an  example  of  a  recemented  dolomite,  re¬ 
cemented  dolomites  are  not  characteristic  of  all  the  Upper  Silurian  group. 
The  Salina  group  of  northern  New  York  is  a  primary  chemical  precipitate 
deposited  a  much  longer  distance  from  the  source  of  its  sediments  than  was 
the  Monroe. 

Tecdorvich  (pp.  160-164,  1942  Abstract  Translation)  describes  a 
combination  of  recementing,  leaching  and  primary  chemical  precipitation- 
dolomitization  in  the  oil-bearing  reef  formations  in  the  region  of  Ishimbaevo, 
U.S.S.R.  He  describes  the  first  stages  of  dolomitization  as  being  the  local 
deposition  and  cementation  of  extremely  fine-grained  dolomite  detrius.  The 
next  stage  v/as  that  of  selective  removal  of  much  of  the  calcareous  deposits. 
Finally  the  reefs  were  covered  by  the  Permian  (Kungurian)  sea,  and  dolo¬ 
mite  with  anhydrite  was  chemically  precipitated  in  the  cavities  and  fissures. 

Pre-Emergent  Dolomites.  The  largest  number  of  dolomite  beds  have 
been  attributed  to  dolomitization  before  emergence  from  the  sea.  Marine 
dolomites  may  have  resulted  from  one  or  more  processes  and  at  one  or 
more  times. 

(1)  Replacement  of  lime  carbonate  on  the  sea  floor.  This  process  is 
suggested  by  an  irregular  distribution  of  dolomite  grains,  indicating  that 
they  formed  by  reaction  within  the  sediment  and  not  by  direct  precipita¬ 
tion.  Contrasted  with  this  condition  is  the  sharp  alternations  of  limestone- 
dolomite  beds  in  the  Cambro-Ordovician  sequence  of  New  Jersey  and 
Pennsylvania.  Those  formations  which  show  replacement  without  regard 
to  stratification  suggest  that,  while  consolidation  of  the  sediments  was 
completed  prior  to  the  deposition  of  the  overlying  beds,  replacement  was 
subsequent  to  such  compaction  or  lithification.  The  sharp  Cambro-Ordo¬ 
vician  alternations  in  contrast  suggest  that  both  compaction  and  replace¬ 
ment  were  completed  in  a  dolomitization  bed  prior  to  subsequent  deposi¬ 
tion  (Woodside,  p.  23). 

Replacement  is  also  suggested  by  the  relations  of  dolomite  to  fossils. 
Well-preserved  fossils  are  less  abundant  in  dolomites  than  in  limestones. 
In  pure  dolomites  faunal  remains  in  general  consist  of  hollow  molds.  The 
occurrence  of  fossil  molds  is  evidence  of  leaching,  Dolomitization  usually 
destroys  fossils.  Frequent  replacement  of  silica,  called  silicification,  of  fossils 
in  dolomites  indicates  that  silicification  was  antecedent  to  or  contemporane¬ 
ous  with  dolomitization. 
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That  some  sediments  were  water-tight  before  replacement  is  evidenced 
by:  (a)  the  sharp  uneven  (anhedral)  boundaries  of  calcite  and  dolomite 
grains — the  dolomite  being  formed  not  without  interference;  and  (b)  the 
lack  of  oxidation  of  the  ferrous  oxide  in  the  dolomite  and  infrequent  pres¬ 
ence  of  fresh  feldspar.  There  does  not  seem  to  be  any  evidence  that  the 
dolomite  grains  received  either  magnesium  oxide  or  ferrous  oxide  from  the 
calcite.  Furthermore,  dolomite  grains  show  no  unassimilated  calcite  residuals. 
There  is  a  volume  for  volume  replacement  apparently  from  the  centers  of 
each  calcite  grain.  This  does  not  mean  a  substitution  of  one  molecule  of 
calcium  carbonate  by  one  of  magnesium  carbonate  but  rather  an  ionic 
exchange.  Such  a  change  would  involve  a  decrease  in  volume  of  12.3%. 
Yet,  if  enough  magnesium  oxide  and  ferrous  oxide  were  added  to  make 
dolomite,  and  all  the  calcite  had  remained,  there  would  theoretically  be  a 
volume  increase  of  181%  (Steidtmann,  1911,  pp.  323-345,  392-428). 
Therefore,  replacement  has  apparently  been  more  susceptible  in  the  more 
permeable  beds  under  marine  conditions.  In  this  regard,  replacement  is 
probably  the  most  active  before  carbonate  material  is  wholly  compacted 
or  lithified;  that  is  to  say,  during  the  recombination  or  rearrangement  of 
the  crystalline  grains  called  diagenesis.  Weynschenk  (1951,  p.  30),  in  his 
work  on  the  Sonnwend  Mountains,  arrives  at  much  the  same  idea: 

It  is  to  be  expected  that  dolomites  may  be  found  of  Recent  and  young 
geological  date  of  large  mass  and  extent  in  the  sediment  of  tropical  seas 
from  a  few  hundred  meters  depth  towards  greater  depth.  These  will  furnish 
the  most  recent  comparative  material  to  the  extensive  dolomites  of  ancient 
times. 

Correns  (1939,  p.  38  5  )  has  reported  dolomites  as  a  rare  mineral  in 
deep  sea  (pelagic)  deposits  in  the  Cape  Verde  Basin.  Because  of  the  high 
pressure,  calcium  carbonate  with  depth  would  be  dissolved  and  there  would 
necessarily  be  an  undersaturation  of  carbonate  material.  Correns  explains 
this  minor  amount  of  dolomite  present  as  the  result  of  diagenesis  or  re¬ 
combination  of  the  crystalline  material  within  the  sediment. 

In  1843,  Dana  (1890,  p.  393  )  reported  the  magnesium  carbonate  in  a 
rock  from  Makatea,  a  coral  island,  to  be  3  8.07%.  Such  a  figure  approaches 
the  dolomite  ratio  of  45.7%  and  indicates  that  the  rock  had  been  dolo- 
mitized  through  secondary  replacement,  the  magnesium  carbonate  having 
been  obtained  from  concentration  in  shallow  lagoons.  Later  investigators 
have  described  similar  enrichment  of  coral  reefs.  Skeats  (  1905,  p.  140)  re¬ 
ports  analyses  of  dolomite  coral  in  which  the  magnesium  carbonate  rises 
to  43.3%.  Dolomitization  may  be  influenced  by  the  original  composition 
of  the  calcareous  secretions  of  animals;  some  consist  of  calcite  while  others, 
viz.,  corals,  are  mainly  aragonite.  Although  aragonite  and  calcite  are  of 
the  same  chemical  composition,  aragonite  is  not  as  stable  as  calcite.  There¬ 
fore  aragonite  secretions  are  probably  more  susceptible  to  leaching  and  re¬ 
placement, 

(2)  'Dolomitization  by  recrystallization  of  MgO-bearing  aragonite.  In 
lieu  of  evidence  for  replacement,  this  process  has  been  suggested  for  the 
origin  of  several  dolomite  formations.  On  the  other  hand,  no  convincing 
evidence  has  been  established  for  recrystallization,  and  the  concept  is  not 
widely  accepted.  However,  Blackwelder  (personal  communication,  Dr.  T. 
Thom)  attributes  the  Bighorn  dolomite  of  Montana  and  Wyoming  to  re¬ 
crystallization  rather  than  to  volume  for  volume  replacement.  Many  marine 
organisms,  both  calcite  and  aragonite,  contain  up  to  14%  magnesium  car- 
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bonate  without  becoming  dolomite.  Dolomite  could  either  develop  from 
these  secretions  by  the  addition  of  magnesium  carbonate  or  by  solution  of 
the  excess  calcium  carbonate.  Algal  secretions  are  strong  and  compact,  and 
any  removal  of  calcium  carbonate  from  them  would  result  in  considerable 
pore  space.  Most  algal  bearing  rocks,  such  as  the  Cryptozoon  ledges  in  the 
Kittatiny  formation  (Cambro-Ordovician,  New  Jersey),  show  no  evidence 
of  this. 

(3)  Direct  precipitation  of  dolomite  from  the  sea.  This  is  another 
method  described  for  the  formation  of  dolomite.  The  grains  of  some  dolo¬ 
mites  are  so  fine,  less  than  .01  mm.,  as  to  suggest  that  they  are  chemical 
precipitates.  The  similarity  of  grain  size  to  modern  bacterially  precipitated 
lime  carbonate  ooze  suggests  strongly  that  these  fine-grained  dolomites 
are  chemical  precipitates.  Such  a  precipitation  most  probably  takes  place  in 
reducing  conditions  because  of  the  ubiquitous  presence  of  ferrous  oxide, 
which  seems  to  be  present  in  all  dolomites  in  varying  amounts  and  absent 
from  prim.ary  calcite  as  such. 

It  should  be  emphasized  that  with  calcium  carbonate,  even  though 
the  conditions  which  lead  to  either  precipitation  or  solution  have  been  recog¬ 
nized,  it  is  impossible  to  know  definitely  under  given  conditions  whether 
precipitation  or  solution  may  occur  (Sverdrup,  Johnson,  and  Fleming,  1942, 
p.  998) .  The  same  uncertainty  is  also  valid  for  dolomite. 

R.  A.  Daly  (1909)  suggested  the  precipitation  of  dolomite  in  a  practi¬ 
cally  limeless  primitive  ocean  by  ammonium  carbonate,  which  was  generated 
by  the  decay  of  organisms  on  the  sea  floor.  Two  assumptions  are  made:  (a) 
The  scavenging  system  of  the  PreCambrian  and  early  Paleozoic  seas  was 
not  as  extensive  as  it  is  today,  (b)  The  post-Huronian  uplift  greatly  fa¬ 
cilitated  the  transportation  of  lime  to  the  seas,  which  in  turn,  Daly  argued, 
stimulated  the  development  of  lime-secreting  organisms.  As  these  lime-se¬ 
creting  organisms  developed,  a  balance  turned  in  favor  of  the  deposition 
of  limestones  by  organic  secretions,  in  contrast  to  direct  chemical  preci¬ 
tation. 

However,  work  by  the  Challenger  deep-sea  expedition  reported  that 
not  only  do  marine  organisms  generate  ammonium  carbonate,  but  also  car¬ 
bonic  acid  (Murray  and  Irvine,  1890,  p.  108).  The  corrosiveness  of  car¬ 
bonic  acid  has  been  described  by  Murray  (1895)  as  effective  enough  to 
prevent  the  accumulation  of  calcareous  ooze  in  an  area  over  51,500,000 
square  miles  of  ocean  bottom,  creating  what  is  known  as  the  Red  Clay  area. 
The  question  then  is  whether  organic  decay  in  the  ocean  aids  precipitation 
or  corrosion.  Evidence  for  direct  precipitation  of  calcium  carbonate  is  ques¬ 
tionable  or  of  minor  importance,  both  in  present  waters  and  in  past  forma¬ 
tions.  This  one  of  several  objections  to  Daly’s  hypothesis  of  direct  precipi¬ 
tation  of  dolomites.  Other  objections  would  include:  (a)  the  relative 
importance  of  the  post-Huronian  erosion  cycle,  as  it  was  preceded  by  at 
least  three  periods  of  emergence;  (b)  the  fact  that  organic  differentiation 
was  fully  nine-fold  in  PreCambrian  to  what  it  has  been  since  Cambrian 
times  raises  the  question  as  to  whether  there  had  been  a  radical  difference 
in  the  composition  of  the  oceans  due  solely  to  organic  changes;  and  (c) 
what  of  Pre  Cambrian  limestone  formations  such  as  the  Grenville?  How 
can  they  be  explained  in  a  ^'limeless  primitive  ocean”?  Pettijohn  (1949, 
p.  3  09)  has  pointed  out  that  if  dolomitization  is  essentially  a  replacement 
process,  the  greater  the  age  of  the  rock,  the  greater  the  opportunities  for 
dolomitization. 
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The  carbonate  association  with  evaporite  deposits,  such  as  anhydrite, 
and  halite  are  dolomites.  These  dolomites  are  considered  to  be  the  result  of 
direct  precipitation.  Evaporites  provided  the  prototype  of  conditions  and 
environment  for  dolomites  to  form.  Shallow  water  seems  to  favor  the  con¬ 
centration  of  magnesium  carbonate.  Such  a  concentration  in  excess 

of  calcium- (bi)  carbonate  or  -hydroxide)  is  one  important  factor  necessary 
for  the  precipitation  of  magnesium  hydroxide  or  cargonate.  Shallow  epi¬ 
continental  seas,  almost  completely  surrounded  by  land,  existed  in  Early 
and  Late  Paleozoic  times  and  often  constituted  salt  basins,  such  as  those 
of  Silurian  and  Permian  times.  These  basins  favored  magnesium  concentra¬ 
tion.  Most  of  the  dolomites  and  limestones  associated  with  salts  are  primary 
chemical  precipitates.  Criteria  substantiating  this  conclusion  include:  (a) 
the  presence  of  interbedded  and  laminated,  chemically  precipitated  anahydrite 
and  associated  salts;  (b)  high  temperature  (Steidtmann  believed  in  excess 
of  60°C. )  and  high  salinity,  together  with  a  low  carbon  dioxide  content 
all  favor  carbonate  precipitation,  (c)  The  areal  extent  and  thickness  of 
many  dolomite-salt  formations  precludes  the  possibility  of  derivation  from 
other  dolomites.  For  this  reason  the  Upper  Silurian  Salina  Group  in  West 
Virginia  could  not  have  been  derived  from  the  older  Lockport  dolomite 
(Martens,  1943).  Texturally  the  Lockport  is  a  massive,  thick-bedded, 
coarsely  crystalline  dolomite,  while  the  dolomites  of  the  Saline  are  fine  tex¬ 
tured,  shaly,  and  contain  large  associations  of  anhydrite,  (d)  The  amount 
of  recognizable  clastic  sediments  (transported  detritus)  associated  with 
these  anhydrite-salt-dolomite  deposits  is  negligible. 

The  Result  of  Leaching.  Strictly  speaking,  the  formation  of  dolomites 
by  selective  leaching  should  be  included  under  both  of  the  preceding  head¬ 
ings  as  a  post-emergent  and/or  pre-emergent  phenomena.  Frequently,  if 
the  addition  of  magnesium  and  leaching  of  calcium  carbonate  proceed  si¬ 
multaneously,  neither  collapses,  and  the  development  of  porosity  need  not 
occur.  In  this  event,  leaching  is  obscured  by  the  replacing  process.  Because 
leaching  may  occur  before  or  after  emergence  of  a  formation,  and  because 
of  the  importance  of  leaching  in  the  formation  of  stratigraphic  traps  for 
oil  and  gas,  it  is  desirable  to  discuss  this  aspect  of  dolomitization  separately. 
Essentially,  leaching  is  the  selective  removal  of  calcite,  and/or  aragonite, 
from  an  original  mixture  of  calcite  and  dolomite.  That  leaching  is  a  pro¬ 
cess  of  dolomitization  is  evident  in  the  occurrence  of  fossils  as  molds. 

The  basal  dolomitic  section  of  the  Mississippian  Greenbrier  formation 
suggests  dolomitization  by  leaching  and  secondary  replacement.  This  is  in¬ 
dicated  by  the  high  porosity,  irregular  variations  in  thickness  of  the  dolo¬ 
mite,  and  the  pressure  of  quartz  grains  and  oolites  (Martens  and  Hoskins, 
p,  7).  The  quartz  grains  and  some  of  the  oolites  have  similar  appearances 
in  the  non-dolomitic  zones.  Areally  the  basal  Greenbrier  changes  from 
dolomite  to  dolomitic  limestone  and  limestone,  Rittenhouse  (1949,  pp. 
1727-28)  suggests  several  alternatives  for  the  dolomitization  of  the  Green¬ 
brier: 

1.  As  the  dolomite  is  secondary  and  has  replaced  original  clastic  lime¬ 
stone,  much  magnesium  must  have  been  introduced  into  the  Greenbier 
sediments  after  their  deposition.  Most  of  the  dolomite  is  in  a  basal  zone 
30  feet  or  less  in  thickness  and  this  zone  transgresses  sedimentary  units. 

This  fact  suggests  a  close  relationship  between  dolomitization  and  the 
underlying  rocks.  Reaction  between  the  basal  limestone  and  magnesium¬ 
bearing  waters  squeezed  out  of  the  underlying  beds  during  their  compac- 
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tion  seems  possible.  Structural  movements,  by  hastening  the  compaction  or 
by  providing  pathways  for  migration  of  the  solutions,  might  have  concen¬ 
trated  the  accumulation  of  dolomite  in  some  synclines. 

2,  Another  possibility  is  that  dolomitization  occurred  during  the  periods 
of  regression  that  followed  the  accumulation  of  the  basal  clastic  deposits 
at  each  locality.  During  exposure  of  the  limestone  above  sea-level,  solution 
above  the  ground-water  table  could  produce  pores  and  cavities.  Below  the 
ground-water  table,  magnesium-charged  ground  water  moving  from  the  non- 
calcareous  sediments  farther  north  or  west  might  dolomitize  the  limestones. 
During  the  next  transgression,  calcite  and  pyrite  might  be  deposited  in 
the  cavities.  Under  these  conditions  the  pattern  of  dolomite  replacement 
might  be  locally  irregular,  especially  if  the  ground-water  movement  was 
controlled  by  varying  porosity  of  the  clastic  limestones  or  by  pre-existing 
drainage  ways  over  which  the  Greenbrier  was  deposited. 

3.  Another  method  of  introducing  magnesium  is  possible.  This  involved 
down-ward  circulation  of  sea  water  through  the  clastic  limestone  as  they 
were  accumulating.  Replacement  of  calcite  by  dolomite  would  occur  below 
the  active  surface  of  sediment  accumulation.  Because  the  eastward-extending 
wedges  of  clastic  limestone  have  not  been  dolomitized,  this  type  of  replace¬ 
ment,  if  it  occurred,  must  have  been  restricted  to  near-shore  localities  during 
the  first  transgression  of  the  Greenbrier  seas  across  a  noncalcareous  land 
area. 


CONTROLLING  FACTORS  IN  THE  DEPOSITION  OF  CALCIUM 
AND  MAGNESIUM  CARBONATE. 

No  understanding  of  dolomitization  can  be  complete  without  some 
familiarity  of  the  chemistry  involved.  Such  items  as  pressure,  solubility,  pH 
factor,  temperature,  crystal  structure,  composition  of  sea  water,  and  time 
must  be  considered  interdependently  to  create  conditions  favorable  for  the 
formation  of  dolomite. 

Pressure.  Pressure  or  diagenetic  changes  commence  almost  as  soon  as 
the  sediment  is  deposited.  Diagenesis  involves  compaction,  solution,  re¬ 
crystallization,  replacement,  and  cementation.  The  mechanism  and  causes 
of  these  diagenetic  changes  is  not  fully  understood.  Diagenetic  changes 
are  promoted  by  increases  in  temperature  and  may  result  from:  (a)  prox¬ 
imity  to  hot  magma;  (b)  radioactive  decay;  and  (c)  sinking  of  crustal 
material  into  deeper  layers  of  the  lithosphere.  Likewise  changes  in  tempera¬ 
ture  and  pressure  bring  about  changes  in  solubility.  J.  W.  Judd’s  analyses 
of  the  boring  from  Funafuti  atoll  show  the  transformation  from  reef  to 
dolomite  with  depth  (Judd,  1904,  pp.  364-365),  thus  indicating  that  pres¬ 
sure  is  a  factor  in  dolomitization. 

Judd  observed  that  under  atmospheric  pressure  sea  water  containing 
carbon  dioxide  dissolves  calcium  carbonate  more  readily  than  it  dissolves 
magnesium  carbonate.  Additional  work  by  Skeats  led  to  the  observation 
that  with  a  pressure  of  five  atmospheres  the  magnesium  carbonate  in  dolo¬ 
mite  is  dissolved  and  the  calcium  carbonate  is  changed  slightly.  This  leads 
to  the  conclusion  that  at  some  pressure  between  one  and  five  atmospheres 
both  compounds  should  mutually  precipitate  from  saturated  solutions. 

Solubility.  Precepitation  only  occurs  when  the  solubility  product  of 
one  or  several  of  the  dissolved  constituents  is  exceeded.  The  material  of 
the  precipitate  is  always  carried  in  ionic  solution  and  never  as  colloidal  sus¬ 
pension  or  emusoids  (Bastin,  1950,  pp.  3-15).  Under  stated  conditions, 
when  the  ionic  product  is  less  than  the  solubility  product,  the  solution  is 
undersaturated  and,  conversely,  when  the  ionic  product  is  greater,  the  so¬ 
lution  is  supersaturated.  Precipitation  continues  until  the  ionic  product 
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equals  the  solubility  product,  Sverdrup  and  his  co-workers  (1942,  p.  206) 
have  pointed  out  that  the  solubility  product  of  calcium  carbonate  in  nor¬ 
mal  sea  water  of  chlorinity  19.00-o/oo,  pH  8.2  at  20°  C,  is  530  times  greater 
than  the  solubility  product  in  distilled  water.  Therefore  the  laboratory  data 
obtained  for  solubilities  of  calcium  carbonate  in  distilled  water  must  take 
the  activities  of  the  ions  into  consideration  if  such  information  is  to  be 
applied  to  sea  water.  To  date  no  agreed  upon  data  are  available  for  the  ac¬ 
tivity  of  the  Ca++  ions  in  sea  water;  therefore  it  is  impossible  to  apply 
the  solubility  products  of  calcium  carbonate  to  sea  water  from  data  ob¬ 
tained  with  use  of  distilled  water. 

Several  workers  in  the  field  of  oceanography  have  tried  to  empirically 
determine  the  concentration  of  Ca++  and  COs””  that  can  exist  mutually 
with  solid  calcium  carbonate  (Revelle  and  Fleming,  1934,  pp.  2089-92). 
However,  as  yet  there  has  been  no  agreement  on  the  conclusions  obtained. 
More  work  is  needed  on  the  ionic  activity  of  Ca++  in  sea  water.  Broadly, 
Wattenburg  concluded  from  his  experiments  in  sea  water  that  the  apparent 
solubility  product  of  calcium  carbonate  increases  with  chlorinity  and  de¬ 
creases  with  temperature  (Wattenburg  and  Timmermann,  193  6,  pp.  23-31). 

Generally  speaking,  magnesium  carbonate  is  more  soluble  than  calcium 
carbonate.  This  solubility  is  actually  due  to  hydrolysis  taking  place  in  solu¬ 
tion.  In  contrast  to  this  relationship,  magnesium  hydroxide  is  a  weaker  base 
than  calcium  hydroxide.  This  suggests  the  possibility  that  some  precipitation 
of  magnesium  may  have  originally  been  in  the  form  of  the  hydroxide,  which 
would  later  change  to  the  more  stable  carbonate.  There  is  no  certainty  that 
dolomite  results  as  a  product.  This  aspect  of  dolomitization  is  largely  theo¬ 
retical.  There  is  three  times  as  much  magnesium  as  calcium  dissolved  in 
sea  water,  yet  the  oceans  are  not  saturated  with  magnesium.  Because  the 
solubility  product  is  only  rarely  and  locally  reached,  the  precipitation  of 
magnesium  carbonate  can  only  occur  in  those  environments  where  mag¬ 
nesium  (and/or  its  salts)  become  concentrated,  i.c.,  such  as  in  shallow  water 
lagoonal  areas  or  in  areas  of  evaporites, 

pH  Factor  and  Salinity.  Wattenburg  and  Timmermann  (1936,  pp. 
28-31)  report  the  solubility  of  magnesium  carbonate  in  distilled  water  to 
be  an  inverse  function  of  the  pH  value.  The  pH  commonly  attributed  to 
the  surface  of  sea  water  is  between  8.1  and  8.3.  Deeper,  the  alkalinity  in¬ 
creases  due  primarily  to  the  decreasing  amounts  of  oxygen  available.  The 
most  important  factor  effecting  the  pH  is  the  carbon  dioxide  content  of 
the  sea  water,  though  salinity  is  also  an  important  consideration  (Sverdrup 
et  al,  1942,  p.  209). 

Trask  (1937,  pp.  273-299)  has  shown  that  there  is  a  definite  rela¬ 
tionship  between  the  carbonate  of  marine  sediments  and  the  salinity  of  the 
overlying  surface  waters.  When  the  salinities  were  less  than  34°/00  the 
carbonate  in  the  sediments  was  less  than  5  per  cent;  where  the  salinity  ex¬ 
ceeded  36°/00  the  calcium  carbonate  was  greater  than  50  per  cent. 

Temperature.  Warm  temperatures  increase  the  magnesium  cations 
(and/or  its  salts)  that  can  be  held  in  solution.  Warmth  and  shallow  water 
are  favorable  conditions  conducive  to  concentration  before  precipitation. 

Crystal  Structure.  Structurally,  there  is  a  slight  difference  between 
dolomite  and  calcite.  Dolomite  has  a  lower  degree  of  symmetry  than  cal- 
cite;  dolomite  lacks  the  vertical  planes  of  symmetry  of  calcite.  The  posi¬ 
tion  of  the  Ca++  ions  in  the  calcite  structure  in  dolomite  are  alternately 
occupied  by  Ca  and  Mg++  ions.  In  varying  proportions  the  Mg++ions  can 
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be  replaced  by  Fe++  ions,  from  which  ankerite  Ca(Mg,  Fe)  (003)2  re¬ 
sults.  Ankerite  is  isomorphous  with  dolomite.  The  magnesium  oxide  con¬ 
tent  of  calcite  crystals  rarely  exceeds  2%,  while  in  dolomite  crystals  cal¬ 
cium  oxide  is  nearly  constant.  Ferrous  oxide  is  absent  in  primary  calcites 
and  is  limited  to  about  10%  in  dolomites.  This  percentage  of  ferrous  oxide 
is  rarely  reached  except  in  pre-Cambrian  sediments  and  in  vein  deposits. 
Ferrous  oxide  found  in  dolomites  were  formed  in  reducing  conditions  since 
ferrous  iron  is  very  easily  oxidized.  Modern  organic  calcium  carbonate  se¬ 
cretions  frequently  display  a  high  magnesium  carbonate  content.  Calcite 
echinoderms  from  tropical  seas  often  contain  up  to  13%  of  magnesium 
carbonate.  Thin  sections  of  hocrinus  decorus  (Havana,  Cuba)  contain 
11.42%  magnesium  carbonate  and  react  homogenously  to  stains  and  acid 
( Steidtmann,  1917). 

There  is  an  apparent  limited  isomorphous  union  between  magnesium 
carbonate  and  calcium  carbonate.  Skeats  describes  some  Tertiary  coral  reefs 
containing  up  to  15%  magnesium  carbonate  but  no  dolomite.  Yet  all  gra¬ 
dations  of  mixtures  exist  between  calcite  and  pure  dolomite  (see  Table  II). 

TABLE  II 


Type  Calcite  Dolomite  Approx.  MgO  Equiv. 

Limestones  .  95  5  0  to  1.1 

Magnesium  limestone  .  90  95  5  10  1.1  to  2.1 

Dolomitic  limestone  .  50  90  50  10  2.1  to  10.8 

Calcitic  dolomite  .  50  10  50  90  10.8  to  19.5 

Dolomite  .  10  90  19.5  to  21.6 


( Petti john,  1949,  p.  313) 


Composition  of  the  Sea  Water.  Chemical  weathering  releases  magnes¬ 
ium  (Table  III)  mainly  as  the  soluble  MgCl2  and  as  MgS04  (Rankama  and 
Sahama,  1950,  pp.  196-197,  203,  216,  223,  244,  449-450,  454-456,  460- 
461,  477,  480-482,  491,  539,  600-601,  675,  700,  736).  A  portion  of  mag¬ 
nesium  becomes  incorporated  in  clay  materials  as  the  result  of  base  exchange. 
Still  another  portion  of  magnesium  is  transported  as  chemically  undecom¬ 
posed,  finely  ground  mineral  particles.  These  magnesium  clays  and  particles 
were  derived  primarily  from  basic  and  ultrabasic  rocks.  Deposition  of  this 
magnesium  is  with  the  hydrolyzates;  i.e.,  clays,  bauxites,  laterites.  It  is  the 
presence  of  magnesium  that  is  in  a  large  way  responsible  for  the  crystalli¬ 
zation  of  secondary  authigenic  dolomites  after  the  deposition  of  the  hydroly¬ 
zates. 


TABLE  III 


Material  Average  MgO% 

Igneous  rocks  .  2.09 

Salts  of  lakes  and  rivers .  3.41 

Salts  of  sea  waters .  3.69 

Argillaceous  sediments  .  1.48 


(Daly,  1909) 


Time.  That  most  dolomites  are  the  replacement  of  limestone  is  suggested 
by  the  numerous  criteria  available.  Just  when  this  replacement  occurs  seems 
to  be  covered  by  a  wide  range  in  time  sequence.  Examples  have  been  cited 
of  replacement  before  burial;  after  burial,  but  before  uplift;  and  after 
burial  and  uplift.  Dolomitization  can  apparently  occur  during  all  these 
time  intervals. 
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SUMMARY 

Regardless  of  the  manner  of  dolomitization,  certain  chemical  and 
physical  phenomena  are  constant.  Such  factors  as  pressure,  solubility,  pH 
values,  temperature,  crystal  structures,  composition  of  sea  water,  and  time 
must  combine  in  favorable  relationships  for  dolomite  to  form.  As  yet  the 
process  of  dolomitization  is  not  wholly  understood,  and  many  factors  still 
require  more  data;  i.c.,  the  deposition  of  primary  inorganic  dolomite  is  as 
yet  imperfectly  understood.  However,  the  burden  of  evidence  thus  far  in¬ 
dicates  that  most  dolomites  are  marine  replacement. 

A  summary  of  the  various  processes  in  the  formation  of  dolomites 
includes: 

A.  Post  emergent  dolomites 

1.  Vein  material 

2.  Contact  metamorphism 

3.  Replacement  facilitated  by  orogenic  disturbances 

4.  Allothigenic  dolomites,  or  "dolomite-resediment” 

5.  Leaching  by  ground  water 

B.  Pre-emergent  dolomites 

1.  Replacement  of  the  lime  carbonate  at  the  sea  bottom 

2.  Recrystallization  of  Mg-O  bearing  aragonite  and  calcite  skeletons 

3.  Direct  precipitation 

a.  Daly’s  hypothesis  of  direct  precipitation  in  a  primitive  ocean 

b.  Evaporite  deposits 

4.  Selective  leaching  by  sea  water 
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THE  RIVER  BASIN  SURVEYS:  RECENT  ARCHEOLOGICAL 
INVESTIGATIONS  IN  TEXAS,  ARKANSAS,  AND  KANSAS 


EDWARD  B.  JELKS 
National  Park  Service 

The  purpose  of  this  paper  is  to  report  the  activities  of  the  River  Basin 
Surveys  in  the  field  of  Texas  archeology  subsequent  to  a  similar  report 
(Jelks,  1952)  in  this  journal  last  year.  Since  that  report  appeared  the  ad¬ 
ministration  of  the  Austin  field  office  of  the  River  Basin  Surveys  has  been 
transferred  from  the  Smithsonian  Institution  to  the  National  Park  Service, 
Department  of  the  Interior,  but  the  objectives  and  procedures  have  remained 
the  same:  to  locate  and  salvage  as  much  as  possible  of  the  archeological  data 
endangered  by  dams  and  reservoirs  being  constructed  in  all  parts  of  the 
state. 

Recently  investigations  have  been  made  at  Texarkana  Reservoir  on  the 
Sulphur  River,  Whitney  Reservoir  on  the  Brazos,  and  Falcon  Reservoir  on 
the  Rio  Grande.  Also,  for  the  first  time,  personnel  from  the  Texas  office 
invaded  Arkansas  and  Kansas-— to  survey  the  Millwood  Reservoir  on  the 
Little  River  in  Arkansas  and  the  Strawn  and  Toronto  Reservoirs,  respec¬ 
tively  on  the  Nesho  and  Verdigris  Rivers  in  Kansas. 

TEXARKANA  RESERVOIR 

The  Knight’s  Bluff  Site.  The  Knight’s  Bluff  Site,  excavated  in  April, 
1952,  appears  to  be  the  location  of  a  small  village  occupied  by  people  of 
the  Texarkana  and  Haley  Foci.  It  is  approximately  six  miles  northeast  of 
Douglassville,  Texas,  on  a  high  terrace  overlooking  the  Sulphur  River. 

Several  rich  refuse  heaps  yielded  numerous  pottery  fragments  and  stone 
implements,  as  well  as  a  few  bone  artifacts.  Ten  burials  were  located  and 
exposed,  and  the  outline  of  one  house  was  traced  from  the  post  molds  left 
in  the  soil.  The  house  was  circular — approximately  2  5  feet  in  diameter-— 
and  had  a  hard-packed  floor.  A  typical  burial  was  extended  on  the  back 
in  a  grave  about  five  feet  deep  with  from  two  to  four  pottery  vessels  placed 
near  the  head  or  knees.  The  graves  were  large  and  well-defined,  and  no 
consistent  orientation  was  apparent.  One  contained  the  remains  of  two 
individuals;  the  others  were  single  burials.  All  graves  contained  pottery 
vessels  as  mortuary  offerings  except  two  of  the  single  burials,  which  had 
no  burial  furniture  at  all.  Both  the  human  bones  in  the  graves  and  the  bones 
of  food  animals  in  the  middens  had  deteriorated  to  some  extent. 

Analysis  of  the  Knight’s  Bluff  artifacts  has  not  yet  been  completed, 
but  it  is  obvious  from  a  cursory  appraisal  that  the  dominant  types  can  be 
attributed  to  the  Texarkana  Focus  (Krieger,  1946,  pp.  205-212)  and  the 
Haley  Focus  (Krieger,  1946,  pp,  213-216;  Newell  and  Krieger,  1949,  pp. 
202-214).  A  majority  of  the  5,5  5  8  artifacts  recovered  are  potsherds.  Pot¬ 
tery  types  tentatively  identified  include  Avery  Engraved,  Belcher  Ridged, 
Barkinan  Engraved,  and  Nash  Neck  Banded.  Fragments  of  long-stemmed 
pottery  pipes  were  also  found.  Stone  artifacts  include  manos,  metates, 
grooved  hematite  axes,  celts,  dart  points,  arrow  points,  scrapers,  blades,  and 
drills. 
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FIG.  1- — Burial  No.  10,  Knight’s  Bluff  Site.  A  typical  Indian  burial  of  the 
Texarkana  Reservoir  area. 


The  Sherwin  Site.  This  site  is  situated  on  the  south  side  of  the  Sulphur 
River  about  one  mile  west  of  Knight’s  Bluff,  and  like  the  Knight’s  Bluff 
Site  seems  to  represent  a  small  village  affiliated  with  the  Texarkana  and 
Haley  Foci.  It  was  excavated  in  June,  1952. 

Artifacts  at  the  Sherwin  Site  were  relatively  scarce  except  in  several 
sizeable  refuse  heaps  where  a  number  of  potsherds  and  stone  implements 
were  found.  Eight  burials,  two  of  them  double,  were  excavated.  Except  for 
one  of  the  single  burials,  all  graves  contained  pottery  vessels.  In  addition, 
one  child  had  been  buried  with  a  tear-drop  shaped  pendant  of  conch  shell 
at  his  throat.  All  the  skeletons  were  extended  on  the  back,  the  bones  gen¬ 
erally  in  fragile  condition,  and  the  graves  averaged  four  to  five  feet  in 
depth.  Grave  orientation  was  apparently  random. 

Most  of  the  2,017  artifacts  found  are  potsherds,  a  high  percentage 
of  them  decorated.  Decorative  techniques  include  engraving,  incising,  punc- 
tating,  appliqueing,  pinching,  and  slipping.  Included  in  the  design  elements 
are  straight  and  curved  lines,  scrolls,  concentric  circles,  cross-hatching, 
stepped  lines,  and  various  combinations  of  these  and  other  elements.  The 
pottery  as  a  group  is  somewhat  similar  to  that  at  the  Knight’s  Bluff  Site. 
Among  the  stone  artifacts  are  celts,  manos,  metates,  blades,  scrapers,  drills, 
dart  points,  arrow  points,  smoothed  pebbles,  and  worn  pieces  of  hematite 
and  limonite.  Several  clay  pipe  fragments  and  a  few  ornaments  made  of 
conch  and  mussel  shell  v/ere  also  found. 

The  Snipes  Site.  Due  north  of  Douglassville,  Texas,  on  the  south  bank 
of  the  Sulphur  River,  is  the  Snipes  Site.  It  was  trenched  extensively  by  the 
River  Basin  Surveys  in  May,  1952.  Artifacts  were  not  so  abundant  as  at 
other  Texarkana  sites,  but  those  recovered  may  be  of  particular  signifi¬ 
cance. 
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Six  burials  were  located,  but  unfortunately  most  of  the  site  lies  in  a 
cultivated  field,  and  all  the  burials  lay  so  near  the  surface  that  they  had 
been  disturbed  to  some  extent  by  plowing.  The  bones  in  four  burials  were 
broken  and  scattered  so  badly  that  it  was  impossible  to  reconstruct  their 
original  placement  with  accuracy,  but  the  other  two  were  more  nearly 
intact.  One  grave  contained  three  skeletons — all  extended  full  length  on 
the  back — a  polished  celt  made  of  green  stone,  and  a  small,  plain  pot  which 
had  miraculously  escaped,  unscathed,  the  depredations  of  the  plow.  Each 
of  the  other  burials  consisted  of  a  single  skeleton,  three  of  them  extended 
on  the  back,  the  other  two  possibly  having  been  in  flexed  position  before 
they  were  broken  and  scattered  by  plowing.  A  tall  pottery  vessel  placed 
near  the  right  shoulder  of  one  skeleton  was  the  only  mortuary  offering  found 
in  the  single  burials. 

Catalogued  artifacts  from  the  Snipes  Site  total  1,450  and  include 
flint  dart  points,  arrow  points,  scrapers,  blades  and  drills;  red  and  yellow 
ocher,  used  for  paint;  celts,  manos,  metates,  and  other  artifacts  made  of 
ground  or  polished  stone;  and  pottery.  Except  for  a  handful  of  Caddoan 
sherds,  the  pottery  is  similar  to  the  types  Baytown  Plain  (Phillips,  Ford, 
and  Griffin,  1951,  pp.  76-82)  and  Coles  Creek  Incised  (Cotter,  1952)  of 
the  Lower  Mississippi  Area.  The  Snipes  Site  must  be  near  the  western  limit 
of  distribution  for  Lower  Mississippi  artifact  types,  and  may  contribute 
something  to  present  knowledge  of  Lower  Mississippi  cultures.  Snipes  data 
may  also  help  to  correlate  chronologically  certain  Mississippi  and  Caddoan 
complexes. 

WHITNEY  RESERVOIR 

The  Blum  Site.  The  Blum  Rockshelter,  on  the  west  bank  of  the  No¬ 
lands  River  near  Blum,  Texas,  was  partially  excavated  by  the  River  Basin 
Surveys  in  September,  1952.  A  terrace  of  the  Nolands,  18  feet  thick  at 
the  edge  of  the  river,  and  about  70  feet  wide,  extends  into  the  shelter. 
Charcoal,  hearthstones,  flint  chips,  and  bone  fragments  were  observed  in 
the  face  of  the  terrace  where  it  had  been  dissected  by  stream  action,  and 
excavations  inside  the  shelter  revealed  geological  stratification  which  was 
correlated  with  the  stratigraphy  of  the  terrace.  An  area  of  22  5  square  feet 
was  excavated  in  the  shelter  to  bedrock,  which  ranged  in  depth  from  5  to 
9^2  feet  below  the  surface.  The  uppermost  three  feet  of  deposits  consisted 
of  sterile  silt,  beneath  which  cultural  material  was  found  extending  down 
to  bedrock  in  most  spots. 

The  476  artifacts  collected  include  arrow  points,  dart  points,  drills, 
scrapers,  and  blades  of  flint;  awls  and  flint-flaking  implements  of  bone 
and  antler;  quartzite  manos;  limestone  metates;  and  a  number  of  potsherds 
representing  at  least  four  vessels.  Except  for  the  pottery — which  has  not  yet 
been  identified  as  to  type  but  is  evidently  Caddoan — the  artifacts  are  all 
of  types  and  forms  attributable  to  the  Austin  Focus  (Krieger,  1946,  pp. 
16  5-168;  Miller  and  Jelks,  19  52).  Of  the  two  principal  Austin  Focus  arrow 
point  types,  one  {Perdiz  Pointed  Stem)  occurred  at  a  higher  level  than 
did  the  other  (Scallorn  Stemmed) . 

Samples  of  charcoal,  shell,  and  bone  suitable  for  dating  by  the  Carbon- 
14  method  of  age  determination  will  provide  the  first  series  of  radiocarbon 
dates  for  the  Austin  Focus.  In  addition,  the  potsherds  offer  a  possibility 
of  cross-dating  between  the  Austin  Focus  and  complexes  of  the  Caddoan 
area. 
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FIG.  2— A  deeply  buried  archeological  site  at  Falcon  Reservoir.  The  men  are 
digging  in  an  occupation  2one  26  to  30  feet  below  the  present  surface  of  the  terrace. 
Charcoal,  flint  chips  and  bone  fragments  were  recovered. 


FIG.  3— An  eighteenth  century  masonry  house  of  the  Spanish  Colonial  Period, 
Falcon  Reservoir. 
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MILLWOOD  RESEP.VOIR 

A  preliminary  archeological  survey  of  the  Millwood  Reservoir,  Arkan¬ 
sas,  was  begun  in  October  and  November,  19  32,  and  completed  in  April, 
19  5  3.  Forty-one  archeological  sites  were  located  in  the  proposed  reservoir 
area.  They  range  in  size  from  small  camp  sites  to  large  village  sites.  Several 
of  the  camp  sites  were  evidently  occupied  in  the  pre-pottery  Archaic  period, 
but  the  larger  sites  all  contain  pottery  and  appear  to  be  related  to  cultures 
of  the  Caddoan  and  Lower  Mississippi  areas.  Artificial  mounds — built  to 
provide  a  place  for  burying  the  dead  or  as  foundations  for  temples  or  dwell¬ 
ings — are  present  at  several  of  the  larger  sites. 

Artifacts  collected  from  the  surface  of  the  ground  indicate  that  the 
Millwood  sites  should  be  of  prime  importance  in  the  reconstruction  of  the 
prehistory  of  the  locality,  and  tentative  plans  for  their  excavation  within 
the  next  two  or  three  years  have  been  made. 

FALCON  RESERVOIR 

Archeological  investigations  at  Falcon  Reservoir,  begun  three  years 
ago  and  carried  on  intermittently  since,  were  resumed  in  November,  1952, 
and  continued  until  January,  1953. 

Heavy  erosion  in  the  Falcon  area  has  cut  thousands  of  arroyos  and 
gullies,  many  of  them  exposing  human  occupation  zones  buried  beneath 
the  present  surface  of  the  ground  at  depths  of  from  a  few  inches  to  as 
much  as  3  0  feet.  Dozens  of  miles  of  these  subterranean  exposures  were 
walked  out  and  examined  closely  in  the  hope  of  locating  camp  sites  of  early 
man.  Reports  of  mammoth  bones  and  tusks  eroding  cut  of  the  gullies  and 
arroyos  spurred  on  the  search,  but  although  several  tusks  and  bones  were 
located  and  excavated,  there  was  no  evidence  of  man  associated  with  them. 
A  number  of  buried  sites  were  found,  but  only  one — the  Valeno  Site — - 
appears  relatively  old,  and  it  is  doubtful  that  it  is  ancient  enough  to  be  in¬ 
cluded  in  the  early  man  category. 

The  Valeno  Site.  This  site  is  exposed  in  the  north  bank  of  the  Arroyo 
Valeno  some  eight  miles  above  its  confluence  with  the  Rio  Grande.  Rest¬ 
ing  on  a  bed  of  white  sand,  the  occupation  zone  underlies  a  deposit  of  old 
lake  muck  eight  feet  thick  which,  in  turn,  is  topped  by  some  three  feet 
of  recent  silt.  Climatic  conditions  at  the  present  time  could  not  sustain  a 
lake  or  marsh  of  the  kind  necessary  for  the  deposition  of  the  muck,  con¬ 
sequently  the  lake  must  have  been  formed  and  the  eight  feet  of  muck  de¬ 
posited  at  a  time  when  the  climate  was  much  more  humid  than  it  is  today. 
The  necessary  humidity  could  have  prevailed  during  any  of  several  periods 
of  the  geological  past,  but  it  is  impossible  at  the  moment  to  demonstrate 
with  certainty  which  of  the  periods  is  responsible.  It  is  reasonably  certain, 
hov/ever,  from  a  geological  appraisal,  that  the  age  of  the  Valeno  Site  is 
to  be  reckoned  in  millennia. 

The  occupation  zone  is  from  2  to  10  inches  thick  and  yielded  dart 
points,  crude  choppers  and  scrapers.  The  dart  points  are  similar  to 
forms  found  occasionally  in  Archaic  sites  of  the  area,  but  none  of  the 
principal  Archaic  types  were  found  at  the  Valeno  Site.  Additional  work 
at  this  site  has  been  tentatively  scheduled. 

In  addition  to  the  prehistoric  archeology  at  Falcon,  a  survey  of  the 
Spanish  Colonial  architecture  in  the  reservoir  area  was  undertaken.  Early 
masonry  houses  dating  from  1760  to  18  50,  were  photographed,  and  detailed 
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notes  and  sketches  of  their  structural  details  were  recorded.  A  report  now 
in  preparation  will  include  a  comparative  study  of  the  architectural  fea¬ 
tures. 

The  Texas  Memorial  Museum  made  a  study  of  the  stream  terraces 
and  paleontology  in  the  Falcon  area  in  conjunction  with  the  archeological 
research  of  the  River  Basin  Surveys.  Carbon  samples  for  radiocarbon  dat¬ 
ing  were  collected  by  the  archeologists  from  cultural  zones  buried  at  vari¬ 
ous  depths  within  the  terraces,  which  should  help  in  assigning  dates  to  the 
different  terraces.  Returning  the  favor,  the  geological  survey  should  be  of 
great  importance  in  the  reconstruction  of  the  local  prehistoric  cultures.  It 
is  further  anticipated  that  assimilation  of  both  archeological  and  geological 
data  can  produce  an  accurate  calendar  of  the  climatic  changes,  erosion  and 
alluviation  cycles,  changes  in  flora  and  fauna,  and  related  phenomena  in 
the  area  over  at  least  the  past  2  5,000  years.  ^ 

STRAWN  AND  TORONTO  RESERVOIRS 

Preliminary  archeological  surveys  of  the  Strawn  and  Toronto  Reser¬ 
voirs,  respectively  on  the  Neosho  and  Verdigris  Rivers  in  Kansas,  are  in 
progress  at  present.  Results  of  these  and  subsequent  investigations  will 
appear  in  future  reports. 

LITERATURE  CITED 

Cotter,  John  L. — 1952— The  Gordon  Site  in  southern  Mississippi.  American  An¬ 
tiquity  18(2):  110-126.  Salt  Lake  City. 

Krieger,  Alex  D. — 1946 — Culture  complexes  and  chronology  in  northern  Texas. 
Bull.  Univ.  of  Texas  4640:  Austin. 

Jelks,  Edward  B. — 1952 — -The  River  Basin  Surveys  archeological  salvage  program 
in  Texas,  Texas  Journal  of  Science  4(2)  :  131-138.  San  Marcos. 

Miller,  E.  O.  and  Edward  B.  Jelks — 1952 — Archeological  excavations  at  the 
Belton  Reservoir,  Coryell  County,  Texas.  Bull.  Texas  Archeological  and 
Paleontological  Society  23:  168-217.  Abilene,  Texas. 

Newell  H.  Perry,  and  Alex  D.  Krieger — 1949 — The  George  C.  Davis  Site, 
Cherokee  County,  Texas.  Memoirs  of  the  Society  for  American  Archaeology 
16(4),  Part  2.  Menasha,  Wisconsin. 

Phillips,  Philip,  James  A.  Ford,  and  James  B.  Griffin — -1951 — Archaeological 
survey  in  the  Lower  Mississippi  Valley,  1940-1947,  Papers  of  the  Peabody 
Museum  of  American  Archaeology  and  Ethnology,  Harvard  University  25: 
76-82,  Cambridge,  Mass. 


GEOGRAPHIC  VARIATION  IN  THE  GARTER  SNAKE, 

THAMNOPHIS  CYRTOPSIS  ^ 


WILLIAM  W.  MILSTEAD 
The  University  of  Texas 

INTRODUCTION 

The  garter  snake,  Thamnophis  cyrtopsh,  which  occupies  the  plateau  re¬ 
gions  of  a  large  part  of  southwestern  North  America,  ranges  from  southern 
Utah  in  the  United  States  southward  through  Guatemala.  Although  the 
species  was  described  by  Kennicott  in  1860,  work  on  it  has  been  very  in¬ 
adequate.  Numerous  workers  have  studied  it,  but  no  single  worker  has  had 
enough  specimens  to  permit  a  thorough  study  of  the  geographic  variation 
and  subspeciation  in  this  widely  distributed  species.  Thamnophis  cyrtopsis 
is  not  to  be  considered  as  a  rare  species;  but  it  is  rather  spotty  in  its  occur¬ 
rence,  and,  consequently,  large  numbers  of  specimens  are  seldom  found  in 
any  single  collection.  Smith  (1942)  made  the  most  recent  and  complete 
survey  of  the  species.  Although  he  examined  more  specimens  than  any  pre¬ 
vious  worker,  a  total  of  less  than  200  individuals  was  available  to  him  at 
that  time.  On  the  basis  of  these  specimens,  none  of  which  was  from  the 
United  States,  Smith  recognized  three  species.  These  were:  cyrtopsis,  with 
three  subspecies;  sumichrasti,  with  four  subspecies;  and  vicinus  with  no 
named  subspecies.  In  a  later  work  (Smith,  Nixon,  and  Smith,  1950),  a  fifth 
subspecies  of  sumichrasti  was  recognized. 

The  three  subspecies  of  cyrtopsis  recognized  by  Smith  included: 
cyrtopsis,  which  ranged  through  the  southwestern  United  States  and  north¬ 
ern  Mexico;  cy elides,  which  ranged  through  central  Mexico  as  far  south  as 
the  edge  of  the  plateau  in  Michoacan;  and  a  new  subspecies,  postremus,  from 
El  Sabino  and  Uruapan,  Michoacan.  The  primary  basis  for  distinguishing  the 
three  subspecies  was  the  number  of  ventral  scutes.  The  northern  race, 
cyrtopsis,  was  described  as  having  from  163  to  177  ventrals  in  males  and 
from  163  to  176  in  females,  while  cyclides  was  described  as  having  from 
146  to  171  ventrals  in  males  and  from  145  to  164  in  females.  The  four 
specimens,  all  females,  upon  which  postremus  was  described  had  from  13  8 
to  141  ventrals.  In  addition  to  these  counts,  cyrtopsis  was  described  as  nor¬ 
mally  having  eight  supralabials  and  a  mid-dorsal  stripe  more  than  one 
scale  row  wide,  while  the  other  two  subspecies  were  described  as  normally 
having  seven  supralabials  and  a  mid-dorsal  stripe  only  one  scale  row  wide. 
Smith  also  described  postremus  as  having  a  faint  mid-dorsal  stripe  and  no 
lateral  stripes,  as  opposed  to  a  distinct  mid-dorsal  stripe  and  the  presence 
of  lateral  stripes  in  the  other  two  subspecies. 


1  Presented  in  part  before  the  general  meetings  of  the  Texas  Academy  of  Science  at 
Dallas  in  December,  1950,  and  presented  in  full  at  regional  meetings  in  El  Paso  in 
May,  1951.  Since  this  paper  went  to  press,  Mr.  R,  W.  Axtell  has  examined  the  type 
specimen  of  Thamnophis  cyrtopsis  cyrtopsis  in  the  U.S,  National  Museum.  He  has 
informed  me  that  the  color  pattern  is  like  that  of  T.  c.  ocellata.  This  somewhat 
substantiates  the  suggestion  made  below  that  the  type  of  T,  c.  cyrtopsis  is  actually 
an  intergrade  between  T.  c.  cyrtopsis  and  T.  c.  ocellata. 
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The  five  subspecies  of  sumichrasti  described  by  Smith  included: 
mmichrasti,  which  ranged  through  southern  Mexico  (Vera  Cruz,  Tabasco, 
and  Chiapas),  Guatemala,  and  Nicaragua;  praeocularh  from  British  Hon¬ 
duras  and  Yucatan;  a  new  subspecies,  cerebrosus,  from  Esquintla,  Guata- 
mala,  and  "Guatamala”;  fulvus  from  central  Guatemala;  and  a  new  sub¬ 
species,  salvini,  from  the  Rio  Chixoy,  below  the  town  of  Cubules,  Guate¬ 
mala,  and  "Guatemala”.  Differences  in  the  nature  of  the  mid-dorsal  and 
lateral  stripes  were  used  in  separating  the  subspecies.  Smith  described 
sumichrasti  as  lacking  a  mid-dorsal  stripe  and  having  poorly  defined  lateral 
stripes,  praeocularis  as  having  a  broad  median  stripe,  cerebrosus  as  having  a 
mid-dorsal  stripe  covering  one  and  two  half-scale  rows  and  having  poorly 
defined  lateral  stripes,  fulvus  as  having  a  poorly  defined  mid-dorsal  stripe 
one  scale  row  wide,  and  salvini  as  having  a  prominent  mid-dorsal  stripe  one 
scale  row  wide.  The  major  characteristics  of  salvini  were  the  absence  of 
dark  belly  spots,  very  narrow  labial  bars,  and  absence  of  fusing  of  the  lat¬ 
eral  spots.  Differences  in  scale  counts  were  too  small  to  be  used  in  distin¬ 
guishing  the  subspecies. 

Smith  distinguished  Thamnophis  sumichrasti  from  Thamnophis  cyr top- 
sis  on  tv/o  points.  First,  the  subspecies  of  sumichrasti  which  occupied  a  range 
adjacent  to  that  of  cyrtopsis  lacked  a  mid-dorsal  stripe.  Second,  the  average 
ventral  and  subcaudai  counts  given  for  cyrtopsis  were  higher  than  those 
given  for  sumichrasti.  lloamnophis  vicinus,  although  it  occupied  the  same 
range  as  Thamnophis  cyrtopsis  cy elides  and  had  identical  scale  counts,  was 
distinguished  from  the  latter  solely  by  the  fact  that  it  lacked  a  mid-dorsal 
stripe. 

Bogert  and  Oliver  (1945),  in  re-analyzing  the  raw  data  presented  by 
Smith,  have  offered  another  interpretation,  regarding  the  relationships  of 
vicinus  and  sumichrasti,  which  seems  far  more  acceptable  than  that  offered 
by  Smith.  In  distinguishing  sumichrasti  and  cyrtopsis,  Smith  {op,  cit.,  p. 
110)  refers  to  the  former  in  the  following  manner: 

In  form,  scutellation  and  type  of  pattern  it  is  undoubtedly  a  close  relative 
of  eques  [=  cyrtopsis'^  which  differs  by  having  a  distinct  dorsal  stripe  and 
higher  average  ventral  and  caudal  counts.  The  two  are  considered  as  distinct 
species  because  there  is  no  evidence  whatever  of  an  intergradation  between 
the  curious  pattern  of  sumichrasti — a  median  and  two  lateral  series  of 
spots— with  that  of  eques,  which  has  a  median  light  stripe  and  four  lateral 
series  of  spots.  T.  sumichrasti  does  intergrade  with  races  which  do  have 
patterns  similar  to  that  of  eques  {viz.,  s.  fulvus,  s.  praeocularis)  [no  evidence 
is  offered  to  support  this  statement],  but  from  that  fact  it  cannot  be  inferred 
that  sumichrasti  must  also  intergrade  with  eques. 

In  referring  to  the  above  quotation,  Bogert  and  Oliver  {op.  cit.,  p. 

3  5  8  )  state: 

This  concluding  statement  is  quite  true;  it  cannot  be  inferred  that  sumi¬ 
chrasti  necessarily  intergrades  with  eques,  but,  on  the  other  hand,  it  is  a 
reasonable  assumption  that  it  does.  When  samples  from  two  populations 
bear  such  close  resemblance  that  only  minor  differences  serve  to  separate 
them  it  may  properly  be  inferred  that  intergrading  specimens  eventually  will 
be  found.  Smith,  in  the  same  paper  from  which  the  quotation  above  was 
extracted,  describes  postremus  as  a  race  of  eques,  noting  that  it  differs  from 
the  latter  in  having  fewer  ventrals  (138-141)  than  eques  (with  145  to 
171  ventrals,  Smith’s  data).  Thus,  with  only  four  specimens  of  postremus, 
there  is  no  conclusive  evidence  that  ventral  counts  overlap.  Specimens 
intergrading  in  this  particular  character  are  lacking  at  present,  yet  Smith 
infers  that  such  speciments  eventually  will  be  found,  or  he  certainly  would 
have  described  the  form  as  a  full  species. 
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Smith  speaks  of  a  south  to  north  dine  in  eqms  for  an  increase  in  the 
number  of  ventrals.  Bogert  and  Oliver  make  the  observation  that  smnichrasti 
appears  to  represent  the  southern  segment  of  such  a  dine.  They  conclude, 
therefore,  that: 

Despite  the  supposed  lack  of  critical  material  actually  to  demonstrate  the 
genetic  continuity  of  eques  and  sumichrasti,  Smith’s  data  indicate  that  a 
single,  rather  plastic  species,  eques,  occupies  a  range  extending  from  the 
United  States  to  Nicaragua.  The  species  in  all  probability  will  include  several 
recognizable  subspecies,  although  the  ranges  of  the  populations  described 
or  recognized  by  Smith  are  somewhat  anomalous. 

In  discusing  the  pattern  differences  between  eques  and  vicitiMs,  Bogert 
and  Oliver  cited  the  work  of  Blanchard  and  Blanchard  (1941)  in  which 
they  demonstrated  that  melanism  in  Thamnophh  sir  tails  sir  talk  (or  T. 
ordmatiis  ordinatus)  is  inherited  in  simple  Mendelian  fashion.  Bogert  and 
Oliver  applied  these  findings  to  victims  and  concluded,  that  "Whereas  the 
snakes  described  as  vicinm  are  not  melanistic,  they  differ  only  in  a  minor 
pattern  character  which  may  very  well  be  determined  by  a  single  genetic 
factor.”  Although  not  pointed  out  by  them,  this  last  statement  also  holds 
true  for  the  minor  pattern  differences  between  eques  and  sumichrasti,  be¬ 
tween  the  subspecies  of  sumichrasti,  and  between  eques  and  postremus.  They 
sum  up  the  problem  of  the  relationships  between  eques  and  vicinus  in  the 
following  manner. 

"Are  we  to  believe,  then,  that  two  species  of  snakes  in  the  same  genus, 
each  with  similar  numbers  of  ventrals  and  with  similar  sexual  dimorphism 
occur  side  by  side  in  the  same  region  and  do  not  interbreed?  There  is  no 
evidence  that  an  isolating  mechanism  exists,  nor  can  we  expect  intermediates 
or  intergrades  to  occur  within  the  population  if  the  minor  difference  in  the 
pattern  is  determined  by  a  single  genetic  factor.  We  know  that  even  greater 
differences  exist  between  individuals  within  local  populations  of  T.  r.  sirtalis 
and  that  melanism  is  inherited  in  a  simple  Mendelian  fashion.  Therefore, 
we  consider  it  a  valid  inference  that  vicinus  is  not  a  species,  but  only  a 
pattern  phase,  possibly  a  simple  mutant  of  T.  e.  eques  crytopsis  cyclides\ 
Accordingly,  we  propose  to  assign  it  to  the  synonymy  of  that  form.” 

As  stated  above,  Bogert  and  Oliver's  interpretation  of  Smith's  data 
appears  to  be  more  acceptable,  at  least  to  me,  than  the  interpretation  pre¬ 
sented  by  Smith.  The  data  presented  in  the  present  study  appear  to  support 
the  conclusions  reached  by  Bogert  and  Oliver. 

Bogert  and  Oliver  (1945)  also  pointed  out  that  Texas  specimens  of 
Thamnophh  cyrtopsis  cyrtopsis  differed  from  those  of  Arizona  and  Sonora 
in  having  a  single  row  of  large  spots  on  the  neck,  between  the  mid-dorsal 
and  lateral  stripes,  rather  than  the  checkerboard  arrangement  of  two  rows 
of  smaller  spots  found  in  all  other  parts  of  the  range.  They  also  noticed 
that  individuals  from  Texas  had  broader  labial  markings.  Since  the  type 
locality  of  cyrtopsis  is  in  Coahuila,  they  concluded  that  the  Texas  specimens 
must  be  called  cyrtopsis,  and  that  those  from  Arizona,  New  Mexico,  and 
parts  of  Sonora  must  belong  to  a  different  subspecies.  Bogert  and  Oliver  did 
not,  however,  name  this  western  race  because  of  lack  of  material. 

Mr.  A.  G.  Flury  also  noticed  the  large  lateral  blotches  of  some  Texas 
specimens,  and  it  was  through  him  that  I  became  interested  in  the  problem. 
Mr.  A.  J.  Kirn  began  a  study  of  the  problem  about  a  year  before  his  recent 
death,  but  resigned  it  to  me  before  he  had  reached  any  definite  conclusions. 
Both  he  and  Mr.  Flury  deserve  special  mention  here. 

Another  divergence  of  some  Texas  specimens  from  the  normal  color 
pattern  was  noted  by  Cope  (1880),  who  accordingly  named  Eutaenia 
cyrtopsis  ocellata  from  Helotes,  Bexar  County,  Texas.  He  noticed  that  the 
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lateral  line  of  his  two  specimens  from  this  locality  appeared  to  consist  of  a 
series  of  arched  lines,  rather  than  of  a  single  straight  line.  This  arched  effect, 
¥/hich  is  found  on  all  central  Texas  specimens,  is  caused  by  the  invasion  of 
the  lateral  line  from  above  by  the  downward  spreading  of  the  large  single 
row  of  neck  blotches.  This  causes  the  latter  line  to  appear  to  blend  down 
below  the  neck  blotches  and  to  blend  up  around  the  spots  located  on  the 
first  dorsal  scale  row.  Cope  drew  the  analogy  that  these  arches  resembled 
eyebrows  over  the  spots,  and  hence  the  name  ocellata,  "little  eyes”. 
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METHODS 

A  total  of  681  specimens  was  examined  between  February,  1949,  and 
May,  1951.  A  few  of  these  specimens  were  obtained  by  the  writer’s  field 
activities,  but  the  majority  were  from  various  museum  and  private  col¬ 
lections. 

Field  work  included  many  short  trips  in  the  eastern  Edwards  Plateau 
region  of  central  Texas  during  1949,  1950,  and  1951;  five  weeks  on  the 
Stockton  Plateau  of  Southwest  Texas  with  the  1949  summer  field  zoology 
course  of  the  University  of  Texas;  two  days  on  the  Tularosa  Malpais  of 
central  New  Mexico  in  September  1949;  a  total  of  five  days  in  the  Sierra 
Vieja  Range  of  southwestern  Texas  during  the  spring  and  summer  of  1950; 
two  weeks  in  the  western  Edwards  Plateau  and  eastern  Stockton  Plateau 
regions  during  June  and  July,  1950;  and  a  week  in  the  Sacramento  Moun¬ 
tains  of  central  New  Mexico  in  August,  1950.  The  largest  series  of  speci¬ 
mens  from  any  one  locality  was  collected  in  the  Sierra  Vieja  Range  of 
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Presidio  County,  Texas,  by  students  taking  the  1948  summer  field  zoology 
course  of  the  University  of  Texas.  This  series  consisted  of  107  specimens. 
A  total  of  129  specimens  in  the  Texas  Natural  History  Collection  of  the 
University  of  Texas  was  examined  during  the  study. 

Borrowed  material  was  obtained  from  a  number  of  university,  museum, 
and  private  collections.  The  institutions  from  which  specimens  were  ex¬ 
amined,  with  the  number  of  specimens  from  each  one  given  in  parentheses, 
are  as  follows:  American  Museum  of  Natural  History  (77),  Chicago  Nat¬ 
ural  History  Museum  (67),  Museum  of  Comparative  Zoology  at  Harvard 
University  (41),  Museum  of  Vertebrate  Zoology  of  the  University  of  Cali¬ 
fornia  (73),  Texas  Cooperative  Wildlife  Museum  of  the  A  &  M  College 
of  Texas  (22),  University  of  Illinois  Museum  of  Natural  History  (13), 
University  of  Michigan  Museum  of  Zoology  (146),  United  States  National 
Museum  (44),  and  University  of  Utah  Department  of  Zoology  (1).  The 
private  collections  from  which  specimens  were  examined  included  those 
of  Bryce  C.  Brown  (9),  Lawrence  Curtis  (2).  Richard  E.  Etheridge  (1), 
Albert  J.  Kirn  (7),  John  S.  Mecham  (20),  William  W.  Milstead  (2), 
Floyd  E.  Potter  Jr.  (3 ) ,  and  Edward  H.  Taylor  (24) . 

The  color  pattern  and  scale  counts  of  each  of  the  681  specimens  were 
examined  and  compared.  The  color  characters  noted  included:  the  presence 
or  absence  of  the  mid-dorsal  and  lateral  stripes,  the  type  of  pattern  between 
the  mid-dorsal  and  lateral  stripes,  the  presence  or  absence  of  ocellate  mark¬ 
ings,  the  width  of  the  mid-dorsal  stripe,  the  amount  of  dark  markings  on 
the  labials,  the  presence  or  absence  of  belly  markings,  and  whether  the  pat¬ 
tern  between  the  stripes  persisted  or  became  obscured  in  the  adult. 

Seven  scale  counts  were  taken  on  each  specimen.  These  were:  ventral, 
subcaudal,  supralabial,  infralabial,  preocular,  postocular,  and  dorsal  scale 
counts.  The  numbers  of  ventrals  and  subcaudals  were  quite  variable  between 
local  populations.  Some  variation  was  evident  in  the  supralabial  counts,  but 
the  other  four  counts  showed  comparatively  little  local  or  geographic  varia¬ 
tion.  The  only  count  that  did  not  vary  at  all  was  the  dorsal  scale  count. 
In  all  of  the  specimens  examined  it  was  constantly  19-19-17.  In  most  in¬ 
dividuals  the  infralabials  numbered  10,  the  preoculars  1,  and  the  post¬ 
oculars  3.  These  counts  varied  in  a  few  individuals  to  plus  or  minus  one 


— - - - > 

FIG.  1 — Localities  from  which  specimens  of  Thamnophis  crytopsis  were  ex¬ 
amined.  The  localities  enclosed  by  broken  lines  correspond  to  the  populations  given 
in  Tables  I-III  and  Figs.  2-6.  These  populations  are:  (A)  Alta  Verapaz  region  of 
Guatemala;  (B)  vicinity  of  San  Marcos,  Guatemala;  (C)  Chiapas;  (D)  vicinity  of 
Chilpancingo,  Guerero;  (E)  Tranverse  Volcanic  biotic  province  of  Jalisco,  Guana¬ 
juato,  and  Michoacan;  (F)  Transverse  Volcanic  biotic  province  of  Mexico,  Distrito 
Federal,  Morelos,  Hidalgo,  Tlaxcala,  Puebla,  and  Vera  Cruz;  (G)  southern  San  Luis 
Potosi;  (H)  southern  Sierra  Madre  Occidental  of  Durango  and  Chihuahua;  (I) 
northern  Sierra  Madre  Occidental  of  Chihuahua,  Sonora,  and  Arizona;  (J)  Cochise 
and  Chiricahua  Mountains,  Arizona;  (K)  Huachuca,  Santa  Rita,  and  Tumacacori 
Mountains  of  Arizona  and  Sonora;  (L)  Santa  Catalina  Mountains  and  Saguaro 
National  Monument,  Arizona;  (M)  east-central  Arizona  and  west-central  New 
Mexico;  (N)  Guadalupe  Mountains  of  New  Mexico  and  Texas;  (O)  Sierra  Vieja 
Range,  Texas;  (P)  Big  Bend  National  Park,  Texas;  (Q)  eastern  Edwards  Plateau, 
Texas. 
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or  two.  In  addition  to  the  specimens  actually  examined,  the  scale  counts 
of  26  specimens  from  Guatemala,  which  were  published  by  Slevin  (1939), 
were  used.  This  brought  the  total  number  of  specimens  to  707. 

The  localities  of  the  specimens  were  mapped,  and  samples  with  ten 
or  more  specimens  were  considered  as  adequate  for  statistical  treatment. 
Seventeen  such  samples  were  available,  and  578  of  the  707  specimens  were 
included  in  them.  For  the  ventral  and  subcaudal  counts,  where  there  is  some 
sexual  dimorphism,  a  sample  was  not  considered  adequate  unless  it  contained 
10  or  more  specimens  of  one  sex.  Some  lumping  of  localities  was  necessary 
in  order  to  obtain  samples  with  enough  specimens  to  be  treated  statistically. 
The  localities  were  lumped  if  they  were  fairly  close  together  and  were  not 
separated  by  a  major  ecological  barrier. 

Specimens  from  localities  on  the  eastern  Edwards  Plateau  were  treated 
as  representatives  of  a  single  population  (Fig.  1).  The  Edwards  Plateau 
lies  in  the  Balconian  biotic  province  (Blair,  1950)  and  there  is  no  major 
ecological  barrier  separating  the  population  of  the  Austin  area  from  that 
of  the  Kerrville  area,  although  the  two  towns  are  about  100  miles  apart. 
Specimens  from  the  Chisos  Mountains  and  Sierra  Vieja  Range  of  Trans- 
Pecos  Texas  were  treated  as  representatives  of  two  populations  (Fig.  1). 
Although  both  mountain  ranges  lie  in  the  Chihuahuan  biotic  province  of 
Blair  (1940,  1950)  and  Dice  (1943),  they  are  separated  by  a  series  of 
broad  valleys.  Only  one  sample  was  available  from  southern  New  Mexico 
(Fig.  1),  from  the  Guadalupe  Mountains  of  the  Navahonian  province 
of  Dice  (1943).  Specimens  from  a  number  of  scattered  localities  in  east- 
central  Arizona  and  west-central  New  Mexico  were  treated  as  representa¬ 
tives  of  a  single  population  (Fig.  1).  The  altitude  of  this  region  is  in  excess 
of  5,000  feet,  and  no  broad  valleys  separate  any  of  the  localities.  Four 
samples  were  available  from  the  Apachian  province  (Dice,  1943)  of  south¬ 
eastern  Arizona,  northeastern  Sonora,  and  northwestern  Chihuahua.  These 
were  obtained  by  lumping  a  number  of  mountain  ranges  which  lie  very 
close  together.  The  areas  represented  by  the  four  samples  are  shown  in  Fig. 
1.  The  mountain  ranges  that  were  lumped  included:  (L)  Santa  Catalina 
Mountains  and  Saguaro  National  Monument;  (K)  Huachuca,  Santa  Rita, 
and  Tumacacori  Mountains;  (J)  Cochise  and  Chiricahua  Mountains;  and 
(I)  the  northern  end  of  the  Sierra  Madre  Occidental.  Each  of  these  areas 
is  separated  from  the  other  three  by  at  least  one  major  valley.  The  last  of 
these,  population  I,  lies  in  the  Sierra  Madre  Occidental  biotic  province  of 
Goldman  and  Moore  (1945).  One  other  population  (H),  from  southern 
Chihuahua  and  northern  Durango,  lies  in  the  same  province.  One  sample 
(G)  was  available  from  the  Sierra  Madre  Oriental.  This  lies  in  the  Potosian 
province  of  Dice  or  the  Chihuahua-Zacatecas  province  of  Goldman  and 
Moore.  Two  samples  (E  and  F)  were  available  from  the  Transverse  Vol¬ 
canic  province  of  Goldman  and  Moore.  Population  E  was  obtained  by 
lumping  all  of  the  localities  from  the  western  part  of  the  province,  while 
population  F  was  obtained  by  lumping  all  of  the  localities  from  the  eastern 
part.  One  sample  (D)  was  available  from  the  Sierra  Madre  del  Sur  biotic 
province  of  Goldman  and  Moore.  All  specimens  in  this  sample  were  from 
Chilpancingo,  Guerrero.  Three  samples  were  available  from  the  Chiapas 
Highlands  biotic  province  of  Goldman  and  Moore.  These  were  from:  (C) 
Central  Chiapas;  (B)  San  Marcos,  Guatemala;  and  (A)  Alta  Verapaz, 
Guatemala.  These  last  two  regions  lie  in  the  Chimaltenangan  life  area  of 
Stuart  (1950,  1951). 
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The  supralabial  counts  and  the  ventral  and  subcaudal  counts,  where 
possible,  of  the  specimens  from  each  population  were  analyzed  statistically 
and  the  results  compared.  The  ranges  and  means  of  the  specimens  in  each 
population  are  given  in  Tables  I  through  III  and  shown  in  Figures  2  through 


TABLE  I 

The  ranges,  means,  and  standard  errors  of  the  means  for  the  ventral  and  sub- 
caudal  counts  of  the  males  in  14  populations  of  Thamnophis  cy  ft  op  sis.  The  populations 
correspond  to  those  given  in  Figs.  1,  2,  and  6. 


Name 

Population 

Ventrals 

Subcaudals 

Range 

Means 

Range 

Means 

sumichrasti 

A 

142  — 

154 

147.41  ±  0.76 

63 

—  79 

71.66  ±  1.05 

B 

145  — 

153 

149.60 

71 

—  73 

71.60 

C 

146  — 

153 

149.00 

66 

—  73 

68.30 

intergrades 

D 

146  — 

158 

152.35  ±  0.68 

60 

—  98 

84.83  ±  2.03 

cycUdes 

E 

140  — 

172 

157.00  It  1.61 

72 

—  103 

85.00  ±  1.75 

F 

152  — 

168 

160.15  ±  1.18 

74 

—  95 

82.45  ±  1.99 

intergrades 

G 

157  — 

170 

164.54  ±  1.07 

77 

—  100 

93.58  ±  1.41 

cyrtopsis 

I 

161  — 

181 

170.31  ±  1.33 

79 

—  102 

90.35  ±  1.44 

K 

163  — 

172 

166.86  ±  0.59 

81 

—  98 

89.10  ±  0.95 

L 

165  — 

175 

170.12  ±  0,74 

85 

—  96 

91.63  ±  0.99 

N 

165  — 

176 

171.10  ±  0.63 

78 

—  86 

82.22  ±  0.52 

O 

170  — 

182 

175.59  It  0.39 

75 

—  94 

85.48  ±  0.54 

intergrades 

P 

166  — 

183 

174.53  ±:  1.13 

82 

—  95 

86.27  ±  1.27 

ocellata 

Q 

157  — 

164 

160.22  ±  0.49 

73 

—  91 

78.37  ±  1.08 

TABLE  II 

The  ranges,  means,  and  standard  errors  of  the  means  for  the  ventral  and  sub- 
caudal  counts  of  the  females  in  15  populations  of  Thamnophis  cyrtopsis.  The 
populations  correspond  to  those  given  in  Figs.  1,  3,  and  5. 


Name  Population  Ventrals  Subcaudals 

Range  Means  Range  Means 


sumichrasti 

A 

137- 

-  148 

143.67 

0.64 

59- 

-70 

62.76 

±: 

0.69 

B 

143- 

-153 

147.20 

60- 

-85 

66.40 

C 

139- 

-146 

143.00 

58- 

-63 

60.00 

intergrades 

D 

143- 

-153 

148.76 

±: 

0.62 

73- 

-86 

80.23 

±: 

1.24 

cycUdes 

E 

138- 

-  168 

157.05 

±2 

1.44 

69- 

-91 

76.84 

±: 

1.95 

F 

151- 

-  167 

158.57 

1.16 

64- 

-92 

73.90 

2.50 

cyrtopsis 

I 

159- 

-169 

164.58 

1.06 

J 

160- 

-173 

167.09 

± 

1.08 

76- 

-85 

80.60 

± 

0.83 

K 

152- 

-167 

160.72 

±; 

0.82 

70- 

-  86 

79.47 

0.83 

L 

161- 

-173 

166.57 

0.69 

74- 

-95 

81.66 

± 

1.87 

M 

160- 

-170 

165.00 

± 

0.99 

N 

157- 

-172 

165.30 

±: 

0.61 

65- 

-82 

74.40 

1.20 

O 

163- 

-176 

170.65 

±: 

0.36 

69- 

-83 

75.53 

0.43 

intergrades 

P 

163- 

-176 

169.45 

0.75 

71- 

-82 

76.47 

±: 

0.60 

ocellata 

Q 

148- 

-165 

156.50 

dz 

0.62 

63- 

-76 

69.16 

±: 

0.58 
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TABLE  in 

The  ranges,  means,  and  standard  errors  of  the  means  for  the  supraiabiai  counts 
(of  the  left  side)  in  17  populations  of  Thamnophis  cyrtopsis.  The  populations 
correspond  to  those  given  in  Figs.  1  and  6. 


Name 

Population 

Range 

Supralabials 

Means 

sumichrasti 

A 

7  —  9 

8.02  dz  0.06 

B 

7  —  8 

7.88  ±  0.11 

C 

7  —  8 

7.90  ±  0.09 

intergrades 

D 

7  —  9 

7.97  ±  0.05 

cyclides 

E 

2  —  8 

7.55  ±  0.15 

F 

7  —  8 

7.29  ±  0.09 

intergrades 

G 

7—9 

8.00  ±  0.06" 

cyrtopsis 

H 

7  —  8 

7.83  ±  0.11 

I 

7  —  8 

7.83  ±0.11 

J 

7  —  8 

7.86  ±  0.09 

K 

7  —  10 

8.00  ±  0.04 

L 

7  —  10 

8.02  ±  0.06 

M 

7  —  9 

7.93  ±  0.06 

N 

7  —  8 

7.88  ±  0.04 

O 

7—9 

7.90  ±  0.03 

intergrades 

P 

7  —  8 

7.89  ±  0.05 

ocellata 

Q 

7  —  8 

7.84  ±  0.05 

6.  The  standard  error  is  given  in  the  tables  and  twice  the  standard  error 
is  shown  on  either  side  of  each  mean  in  the  figures,  using  the  method  of 
Dice  and  Leraas  (1936). 

At  the  completion  of  the  study,  an  attempt  was  made  to  determine 
whether  or  not  the  geographic  variation  in  scale  counts  was  due  to  tem¬ 
perature  rather  than  to  genetic  differences  as  suggested  by  the  work  of  Fox 
(1948).  A  table  was  set  up  which  included  a  number  of  localities  in  Mexi¬ 
co,  the  ventral  counts  of  specimens  from  those  localities,  the  latitudes,  the 
altitudes,  and  the  temperatures.  The  temperatures  used  were  the  average 
daily  temperatures  and  the  average  daily  temperature  ranges  for  the  months 
of  April,  May,  June,  July,  and  August  as  published  by  Arias  (1942).  The 
table  was  arranged  in  four  different  ways:  in  order  of  increasing  latitude, 
in  order  of  increasing  altitude,  in  order  of  increasing  average  daily  tem¬ 
perature,  and  in  order  of  increasing  average  daily  temperature  range.  No 
correlation  between  temperature  and  the  number  of  ventrals  was  found  in 
any  of  these  arrangements.  This,  however,  is  not  to  be  considered  as  con¬ 
clusive. 


GEOGRAPHIC  VARIATION 

The  characters  which  were  studied  in  connection  with  geographic  vari¬ 
ation  included  both  color  pattern  and  scale  counts.  The  color  pattern  dif¬ 
ferences  discussed  by  Smith  (1942)  in  relation  to  cyrtopsis^  sumichrastij 
and  vicinus  were  given  careful  consideration.  The  scale  counts  of  these 
specimens  from  southern  Mexico  and  Guatemala  were  of  great  value  in  the 
conclusions  reached  in  the  present  study  of  geographic  variation.  Certain 
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pattern  differences  pointed  out  by  Cope  (1880)  and  later  (1945)  by  Bogert 
and  Oliver  as  applying  to  some  Texas  specimens  were  of  major  importance. 
A  reduction  in  the  number  of  ventrals  and  subcaudals,  which  was  corre¬ 
lated  with  these  pattern  differences,  was  also  of  major  importance. 

Color  Pattern, — The  presence  or  absence  of  the  mid-dorsal  stripe  and 
its  width,  when  present,  are  highly  variable  characters  and  cannot  be  used 
in  distinguishing  the  various  geographic  races.  Specimens  without  a  median 
stripe  are  found  only  in  southern  Mexico  (Michoacan,  Guerrero,  Oaxaca, 
and  Chiapas)  and  Guatemala,  but  they  occur  at  disjunct  localities  in  these 
regions,  and  often  at  the  same  locality  as  striped  individuals.  As  previously 
mentioned,  Bogert  and  Oliver  (1945)  have  suggested  that  the  presence 
or  absence  of  a  stripe  may  be  dependent  upon  a  single  genetic  factor.  This 
suggestion  is  supported  to  some  extent  by  the  fact  that  out  of  123  speci¬ 
mens  examined  from  southern  Mexico  and  Guatemala  only  26  lacked  the 
median  stripe  either  partially  or  entirely.  This  number  is  21  per  cent  of 
the  total  and  is  close  to  the  theoretical  Mendelian  ratio  (25  per  cent)  for 
a  recessive  gene  in  a  heterozygous  population. 

The  width  of  the  mid-dorsal  stripe  was  found  to  be  more  variable 
than  its  presence  or  absence.  In  only  one  part  of  the  range,  the  Edwards 
Plateau  of  central  Texas,  does  the  width  of  the  stripe  appear  to  be  constant. 

The  primary  character  for  distinguishing  Thamnophis  stimichrasti 
salvini  is  the  absence  of  dark  belly  spots.  Immaculate  venters  are  of  fre¬ 
quent  occurrence  throughout  the  range  of  the  species  and  are,  therefore, 
invalid  as  a  taxonomic  character. 

Smith  (with  Nixon  and  Smith,  195  0,  and  personal  correspondence) 
has  placed  considerable  emphasis  on  'The  apparent  existence  of  separate 
centres  cf  dispersal  in  Guatemala  (T,  sumichrasti)  and  Mexico  (T.  eque$y\ 
The  two  centers  of  dispersal  as  originally  suggested  by  Smith  (1942,  p. 
110)  were  based  solely  on  color  pattern.  In  view  of  the  arguments  pre¬ 
sented  by  Bogert  and  Oliver  and  the  disjunct  occurrence  of  stripeless  indi¬ 
viduals,  the  separate  centers  of  dispersal  hypothesis  will  not  hold  up. 

Smith,  Nixon,  and  Smith  (1950)  also  refer  to  "the  apparent  diverg¬ 
ence  (not  convergence)  of  geographically  adjacent  terminal  races  of  each 
group.”  This  is  undoubtedly  a  reference  to  the  differences  which  exist  be¬ 
tween  mmichrasti  and  cyclides.  Since  the  ventral  and  subcaudal  scale  counts 
fit  into  a  dine  and  the  other  scale  counts  are  the  same,  the  only  divergence 
lies  in  the  absence  of  the  mid-dorsal  stripe  in  sumichrasti  as  opposed  to  its 
presence  in  cyclides.  When  vicinus  is  considered  as  belonging  to  the  latter 
race,  no  divergence  exists. 

There  seem  to  be  only  four  distinct  color  patterns  which  have  a  defi¬ 
nite  geographic  range.  The  principal  differences  between  these  four  patterns 
lie  in  the  two  alternating  rows  of  spots  which  are  located  between  the 
median  and  lateral  stripes.  In  specimens  from  southern  Mexico  and  Guate¬ 
mala,  the  two  rows  of  spots  are  not  in  contact  and,  therefore,  no  definite 
checkerboard  arrangement  of  the  spots  and  the  ground  color  is  present.  On 
the  other  hand,  in  specimens  from  northern  Mexico  and  the  southwestern 
United  States,  the  adjacent  corners  of  the  two  rows  of  spots  are  in  contact 
and  there  is  a  definite  checkerboard  effect.  This  latter  pattern  is  also  pres¬ 
ent  in  young  individuals  from  central  Mexico  and  the  Edwards  Plateau  of 
central  Texas.  In  the  adults  from  central  Mexico,  the  pattern  between  the 
stripes  tends  to  become  obscured.  The  pattern  tends  to  become  obscured 
on  the  posterior  two  thirds  of  the  body  in  adult  individuals  from  the  Ed- 
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PLATE  1,  FIGURE  1 

Head  and  neck  of  Thamnophis  cyrtopsis  cyrtopsis.  The  specimen  (Tex.  Nat. 
Hist.  Coll.,  No.  3830)  is  from  the  Sierra  Vieja  Range,  11  mi.  W.  of  Valentine, 
Presidio  Co.,  Texas. 


PLATE  1,  FIGURE  2 

Head  and  neck  of  Thamnophis  cyrtopsis  ocellata.  The  specimen  (Tex.  Nat.  Hist. 
Coll.,  No.  5137)  is  from  the  Edwards  Plateau,  5  mi.  W.  of  Jollyville,  Travis 
Co.,  Texas. 
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wards  Plateau.  On  the  anterior  two  thirds,  the  two  rows  of  spots  fuse  to 
form  large  blotches.  These  specimens  also  have  the  ocellate  markings  noted 
by  Cope  (1880).  Ruthven  (1908)  in  discussing  this  type  of  pattern  stated 
that  it  "is  found  in  occasional  specimens  from  nearly  every  locality  in  the 
range  of  eqties  []=  cyrtopsis~\,  and  while  of  more  frequent  occurrence  in  the 
northern  part  still  occurs  only  as  an  individual  variation  of  the  normal 
coloration.”  The  present  material  does  not  show  this  to  be  the  case.  It 
shows  rather  that  this  type  of  pattern  (Plate  I,  Fig.  2)  is  restricted  entirely 
to  the  Edwards  Plateau  of  central  Texas,  to  the  adjacent  eastern  Trans- 
Pecos  region  of  Texas,  and  to  northwestern  Coahuila. 

Scale  Cotints.  There  is  a  considerable  amount  of  geographic  variation 
in  the  number  of  ventrals  and  subcaudals  (Figs.  2-5).  Population  A  from 
Guatemala  is  very  significantly  lower  in  both  counts  than  populations  farther 
to  the  north.  In  the  ventral  counts,  population  D  from  Guerrero  is  about 
midway  between  A  and  E  and  is  statistically  different  from  both.  With  two 
exceptions,  the  ventral  counts  of  populations  E  and  F  are  significantly  lower 
than  populations  from  northern  Mexico  and  the  United  States.  The  ventral 
counts  in  the  females  of  population  K  from  southwestern  Arizona  are  not 
significantly  different  from  populations  E  and  F,  nor  from  the  other  popu¬ 
lations  in  Arizona,  New  Mexico,  and  northern  Mexico.  The  ventral  counts 
of  population  Q  from  the  Edv/ards  Plateau  of  Texas  are  not  statistically 
different  from  populations  E  and  F,  but  they  are  significantly  lower  in  both 
sexes  than  populations  from  northern  Mexico  and  the  southwestern  United 
States  (I — P).  The  populations  from  Trans-Pecos  Texas  (O  and  P)  have 
significantly  higher  ventral  counts  than  all  of  the  other  populations. 

In  the  subcaudal  counts  of  the  males  (Fig.  4),  the  populations  from 
north  central  Mexico  and  Arizona  (G,  I,  K,  and  L)  are  significantly  higher 
than  populations  from  southern  and  central  Mexico  (D — F)  and  from 
New  Mexico  and  Trans-Pecos  Texas  (N — P).  In  the  subcaudal  counts  of 
the  females  (F’ig.  5),  populations  G,  I,  K,  and  L  are  not  significantly  higher 
than  populations  D  through  F,  but  are  significantly  higher  than  populations 
N  through  P.  The  subcaudal  counts  of  population  Q  from  the  Edwards 
Plateau  of  Texas  are  significantly  lower  than  any  of  the  populations  except 
population  A,  in  both  sexes,  and  the  males  of  population  F. 

In  the  supralabial  counts  (Fig.  6)  populations  E  and  F  are  significantly 
lower  than  any  of  the  other  populations.  Population  E  from  west  central 
Mexico  has  only  a  small  degree  of  difference  from  populations  A  through 
D  and  G  through  Q,  while  population  F  from  east  central  Mexico  has  a 
much  greater  degree  of  difference.  There  is  no  statistical  difference  between 
populations  E  and  F. 

SUBSPECIFIC  VARIATION 

On  the  basis  of  the  geographic  variation  in  color  pattern  and  scale 
counts  discussed  in  the  preceding  sections,  it  seems  most  advisable  to  recog¬ 
nize  only  four  subspecies  of  T hamnophis  cyrtopsis.  These  are:  sumichrasti 
(Guatemala  and  southern  Mexico),  cyclides  (central  Mexico),  cyrtopsis 
(northern  Mexico  and  the  southwestern  United  States),  and  ocellata  (Ed¬ 
wards  Plateau  of  central  Texas).  T hamnophis  sumichrasti  and  T hamnophis 
vicimis  are  not  here  recognized  as  separate  species  for  reasons  cited  above. 

On  the  basis  of  material  now  available,  it  does  not  seem  advisable  to 
recognize  more  than  one  subspecies  in  Guatemala  and  southern  Mexico.  In 
the  first  place,  the  scale  counts  of  the  three  subspecies  {praeocularis,  cere- 
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Comparison  of  ventral  counts  in  the  males  of  three  populations  of  T.  c.  sumi- 
chrasti  (A — C),  one  population  of  T.  c,  sumichrasti  x  cy elides  (D),  two  populations 
of  T.  c.  cy  elides  (E — F),  one  population  of  T.  c.  cyclides  x  cyrtopsis  (G),  five  popu¬ 
lations  of  T.  c.  cyrtopsis  (I,  K,  L,  N,  O),  one  population  of  T.  c.  cyrtopsis  x  ocellata 
(P),  and  one  population  of  T.  c.  ocellata  (Q).  The  vertical  lines  indicate  the  ranges 
and  the  horizontal  lines  indicate  the  means.  The  black  rectangles  represent  twice  the 
standard  error  of  the  means  added  to  each  side  of  the  means.  The  numbers  of  speci¬ 
mens  from  each  population  are:  (A)  17,  (B)  5,  (C)  4,  (D)  20,  (E)  21,  (F) 
13,  (G)  13,  (I)  16,  (K)  22,  (L)  16,  (N)  19,  (O)  52,  (P)  13,  and  (Q)  18. 


brosus,  and  fulvus)  recognized  by  Smith  (1942)  and  the  one  (salvini) 
recognized  by  Smith,  Nixon,  and  Smith  (1950)  do  not  differ  from  those 
of  mmichrasti  (Figs.  2-5,  samples  A — C).  Secondly,  the  color  pattern  dif¬ 
ferences  used  by  Smith  are  here  considered  too  variable  to  be  used  as  valid 
characters.  Thirdly,  two  of  the  subspecies,  praeoctilaris  and  cerebrosus,  are 
from  localities  which,  for  the  present,  cannot  be  considered  as  correct.  The 
localities  of  the  specimens  of  praeoctilaris  are  listed  as  Belize,  British  Hon¬ 
duras,  and  Porto  Morelos,  Yucatan  (Quintana  Roo?).  The  localities  for 
cerebrostis  are  listed  as  Esquintla,  Guatemala,  and  "Guatemala”  (actual 
data  on  specimen  state,  "probably  Guatemala”).  This  last  specimen  obviously 
should  not  be  considered.  The  other  localities  are  questionable  because  they 
are  located  at  altitudes  of  less  than  5  00  feet.  Slevin  (1939)  did  not  record 
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the  species  below  4,500  feet,  and,  in  his  study  on  Alta  Verapaz,  Guate¬ 
mala,  Stuart  (1950)  has  limited  this  species  to  the  Pine  and  Cloud  Forest 
life  areas,  which  are  located  at  altitudes  above  1,000  meters.  He  states  very 
definitely  (p.  38)  that  the  species  does  not  descend  into  the  coffee  life  belt, 
which  ranges  from  800  to  1,000  meters.  The  localities  in  British  Honduras, 
Yucatan,  and  at  Esquintla,  Guatemala,  therefore,  must  be  considered  as 
incorrect  until  subsequent  collections  substantiate  them.  At  present,  there 
is  only  one  known  region  where  the  species  descends  to  an  altitude  below 
1,000  feet.  That  is  on  the  Edwards  Plateau  of  central  Texas  which  has  a 
minimum  altitude  of  about  700  feet.  This  may  possibly  be  explained  on  the 
basis  of  climate.  The  Edwards  Plateau  is  in  a  temperate,  subhumid  climate, 
while  Guatemala  and  the  Yucatan  Peninsula  are  in  a  tropical,  humid 
climate. 

The  recognition  of  more  than  one  race  in  central  Mexico  does  not  seem 
any  more  desirable  than  the  recognition  of  more  than  one  race  to  the  south. 
Smith  (op.  cit.)  has  described  postremus  from  Michoacan,  a  region  also 
occupied  by  cycUdes.  His  designation  of  postremus  is  based  on  a  lower  ven¬ 
tral  count  and  the  absence  of  lateral  stripes.  The  presence  or  absence  of  a 
stripe  has  been  discussed  previously.  The  type  series  of  postremus  consists 
of  a  holotype  from  El  Sabino  and  three  paratypes  from  Uruapan.  All  four 
specimens  are  females  with  ventral  counts  which  range  from  13  8  to  141. 
A  female  from  Apatzingan  (Chicago  Nat.  Hist.  Mus.  No.  39062)  has  a 
ventral  count  of  13  8.  A  male  from  the  same  locality  (CNHM  No.  39063) 
has  a  ventral  count  of  148.  Smith  {op.  cit.,  p.  107)  shows  a  ventral  count 
of  146  for  a  male  cy elides  from  Tacicuaro.  Four  other  males  from  Tacicuaro 
have  ventral  counts  which  range  from  153  to  166.  It  must  be  assumed 
that  the  two  specimens  from  Apatzingan  belong  to  the  same  population, 
and,  also,  that  the  five  males  from  Tacicuaro  are  members  of  one  popula¬ 
tion.  Therefore,  regardless  of  whether  the  Apatzingan  specimens  are  referred 
to  postremtis  or  to  cy  elides,  it  is  apparent  that  the  ventral  counts  of  the  two 
named  races  overlap.  There  are  not  enough  specimens  of  postremus  avail¬ 
able  to  determine  an  approximate  range  or  means.  Furthermore,  in  the 
Chicago  Natural  History  Museum  there  are  thirteen  specimens  from 
Tancitaro  with  ventral  counts  which  range  from  163  to  167  in  males  and 
from  150  to  168  in  females.  If  I  am  correct,  Tancitaro  is  located  about 
midway  between  Apatzingan  and  Uruapan.  If  the  Apatzingan  specimens 
are  considered  as  belonging  to  postremus,  then  the  range  of  cy  elides  overlies 
about  half  of  the  range  of  postremus.  Unless  there  is  ecological  separation, 
and  there  is  no  indication  of  this,  cyclides  and  postremus  cannot  be  called 
separate  subspecies  simply  because  of  the  definition  of  a  subspecies.  I  have, 
therefore,  considered  all  of  the  specimens  from  the  Transverse  Volcanic  biotic 
province  of  Goldman  and  Moore  (1945)  as  belonging  to  a  single  subspecies, 
cyclides.  On  the  basis  of  the  intermediate  position  of  the  ventral  counts,  on 
the  color  pattern,  and  on  the  numbers  of  subcaudals  and  supralabials,  I  have 
considered  population  D  from  Chilpancingo,  Guerrero,  as  intermediate  be¬ 
tween  cyclides  and  stimichrasti. 

On  the  basis  of  the  supralabial,  ventral,  and  subcaudal  counts  and  on 
differences  in  color  pattern,  it  seems  best  to  consider  population  H  through 
L  as  belonging  to  a  subspecies  distinct  from  cyclides.  Specimens  from  popu¬ 
lation  G  and  other  localities  of  about  the  same  latitude  have  color  patterns 
like  cyclides  but  the  scale  counts  are  intermediate.  I  have  considered  these 
specimens  as  intergrades. 
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FIGURE  3 

Comparison  of  ventral  counts  in  the  females  of  three  populations  of  T.  c.  sumi- 
chrasti  (A — C),  one  population  of  T.  c,  sumichrasti  x  cy elides  (D),  two  popula¬ 
tions  of  T.  c.  cy  elides  (E — F),  seven  populations  of  T.  e.  cyrtopsis  (I — O),  one 
population  of  T,  c,  cyrtopsis  x  ocellata  (P),  and  one  population  of  T,  c,  ocellata 
(Q).  The  vertical  lines  indicate  the  ranges  and  the  horizontal  lines  indicate  the  means. 
The  black  rectangles  represent  twice  the  standard  error  of  the  means  added  to  each 
side  of  the  means.  The  numbers  of  specimens  from  each  population  are:  (A)  18, 
(B)  3,  (C)  7,  (D)  25,  (E)  19,  (F)  14,  (I)  12,  (J)  11,  (K)  22,  (L)  21, 
(M)  12,  (N)  26,  (O)  58,  (P)  24,  and  (Q)  30. 


It  would  be  possible,  and  perhaps  justifiable,  to  consider  the  popula¬ 
tions  from  the  Trans-Pecos  region  of  Texas  (samples  O  and  P)  as  belong¬ 
ing  to  cyrtopsis  and  those  from  farther  west  (samples  I — L)  as  belonging 
to  another  subspecies.  Specimens  from  east-central  Arizona  and  New  Mexi¬ 
co  (samples  M  and  N),  with  ventral  counts  like  western  samples  and  sub- 
caudal  counts  like  Trans-Pecos  samples,  could  be  called  intergrades.  At  least 
two  other  names  (collaris  and  aurafa;  see  Cope,  1900,  pp.  1031-53)  are 
available  for  the  western  race,  if  such  a  split  is  desirable,  I  do  not,  how¬ 
ever,  believe  it  advisable  to  split  off  a  western  subspecies.  There  are  no 
noticeable  color  pattern  differences  between  cyrtopsis  and  the  western  popu¬ 
lations,  and  the  ranges  of  the  ventral  and  subcaudal  counts  overlap  consider¬ 
ably.  The  differences  in  both  counts  are  statistically  significant  for  both 
sexes,  but  these  differences  are  not  as  great  as  those  which  exist  between 
sumichrasti  and  cyclides  and  between  cyclides  and  the  ivestern  populations 
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(with  the  exception  of  the  ventral  counts  in  the  females  of  population  K) . 
The  locality  of  a  specimen,  therefore,  would  be  the  only  criterion  for  iden¬ 
tifying  that  one  individual  specimen.  The  fact  that  there  is  a  statistically 
significant  difference  between  two^  populations  does  not  necessarily  justify 
the  naming  of  a  new  subspecies.  It  is  the  degree  of  difference,  rather  than 
just  the  presence  of  a  difference,  that  should  decide  whether  or  not  the 
naming  of  a  new  race  is  justifiable.  It  seems  to  be  most  advisable  to  con¬ 
sider  everything  north  of  the  Tropic  of  Cancer  and  west  and  south  of  the 
Edwards  Plateau  as  cyrtopsu. 

The  Edwards  Plateau  population  presents  a  different  picture  from  that 
discussed  above.  In  this  case,  there  are  distinctive  color  pattern  differences 
which  separate  this  population  from  cyrtopsis.  The  ventral  and  subcaudal 
counts  are  much  lower  than  those  of  cyrtopsis,  and  the  degree  of  difference 
is  very  large.  The  ventral  counts  in  most  cases,  and  the  subcaudal  counts  to 
some  extent,  will  serve  along  with  the  color  pattern  in  distinguishing  the 
Edwards  Plateau  population  from  the  western  race.  In  the  53  specimens 
examined  from  central  Texas,  only  six  males  and  four  females  had  ventral 
counts  above  160,  while  in  the  391  specimens  of  cyrtopsis  no  males  and 
only  13  females  had  counts  less  than  160.  On  the  basis  of  these  characters, 
I  believe  it  is  justifiable  to  revive  the  name  ocellata  for  the  Edwards  Plateau 
population.  The  differences  described  by  Bogert  and  Oliver  (1945)  be¬ 
tween  specimens  from  Texas  and  those  from  Arizona,  New  Mexico,  and 
Sonora  are  those  which  exist  between  cyrtopsis  and  ocellata. 

It  was  mentioned  previously  that  the  color  pattern  of  ocellata  is  not 
limited  to  the  Edwards  Plateau,  but  is  also  found  in  the  eastern  Trans- 
Pecos  of  Texas  and  in  northwestern  Coahuila  (Fig.  1).  I  have  considered 
specimens  from  these  latter  two  regions,  which  agree  with  cyrtopsis  in  ven¬ 
tral  and  subcaudal  counts  (Figs.  2-5,  sample  P),  as  cyrtopsis-ocellata  inter¬ 
grades,  The  four  subspecies  of  Thamnophis  cyrtopsis  and  the  inter  grades  will 
be  described  in  more  detail  and  their  ranges  more  accurately  defined  in  a  later 
section. 

VARIATION  WITHIN  SUBSPECIES 

From  the  specimens  examined  in  the  present  study,  it  seems  probable 
that  no  color  pattern  variations  within  the  sub-species  are  restricted  to  any 
geographic  region.  Any  deviation  from  the  normal  color  pattern  of  a  sub¬ 
species,  therefore,  may  be  considered  as  an  individual  variation  and  need 
not  be  discussed  here.  The  color  pattern  and  color  pattern  variations  of 
each  subspecies  will  be  discussed  in  the  succeeding  section. 

Since  there  was  a  total  of  only  nine  specimens  from  population  B  (Fig. 
1)  and  eleven  from  population  C,  the  ventral  and  subcaudal  counts  were 
not  treated  statistically.  Only  one  sample  (A)  of  sumichrasti,  therefore,  is 
available  and  no  indication  of  the  variation  of  ventrals  and  subcaudal  counts 
within  that  subspecies  can  be  shown.  In  the  supralabial  counts  (Fig.  6), 
samples  B  and  C  are  very  nearly  equal  while  A  is  a  little  higher.  This  differ¬ 
ence  is  probably  due  to  the  small  number  of  specimens  available  from  popu¬ 
lations  B  and  C. 

There  is  very  little  variation  in  the  scale  counts  of  the  two  samples 
of  cycUdes  (Figs.  2-6,  E  and  F).  In  the  ventral  counts  of  both  sexes,  sample 
E  is  a  little  lower  than  sample  F,  but  in  the  subcaudal  and  supralabial  counts 
it  is  a  little  higher.  These  differences  are  not  statistical  and  are  to  be  ex¬ 
pected  in  a  species  which  is  confined  to  mountainous  areas  (see  below). 
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Comparison  of  subcaudal  counts  in  the  males  of  three  populations  of  T.  c. 
sumichrasti  (A — C),  one  population  of  T.  c.  sumichrasti  x  cy elides  (D)  two  popu¬ 
lations  of  T.  c.  cyclides  (E — F),  one  population  of  T.  c.  cy  elides  x  cyrtopsis  (G), 
five  populations  of  T.  c.  cyrtopsis  (I,  K,  L,  N,  O),  one  population  of  T.  c.  cyrtopsis 
X  ocellata  (P).  and  one  population  of  T.  c.  ocelluta  (Q)  The  vertical  lines  indicate 
the  ranges  and  the  horizontal  lines  indicate  the  means.  The  black  rectangles  repre¬ 
sent  fvice  the  standard  error  of  the  means  added  to  each  side  of  the  means.  The 
numbers  of  specimens  from  each  population  are;  (A)  12,  (B;  3,  (C)  3,  (D)  16, 
(E)  17,  (F)  11,  (G)  12,  (I)  14,  (K)  19,  (L)  11,  (N>  18,  (O)  43,  (P  11, 
(E)  17,  (F)  11.  (G)  12,  (I)  14,  (K)  19,  (L)  11.  (N)  18,  (O)  43,  (P)  11- 
and  (Q)  16. 


Since  all  of  the  specimens  of  ocellata,  from  the  eastern  Edwards  Plateau, 
have  been  treated  as  a  single  sample  from  a  fairly  continuously  distributed 
population,  I  have  no  indication  of  the  amount  of  geographic  variation 
within  this  subspecies.  There  is,  however,  more  evidence  of  the  amount  of 
geographic  variation  within  cyrtopsis  than  there  is  in  any  of  the  subspecies. 
This  variation  is  shown  graphically  in  Figures  2  through  6  (H-O). 

In  the  ventral  counts,  significant  differences  exist  between  the  Hua- 
chuca-Santa  Rita-Tumacacori  population  and  the  Santa  Catalina-Saguaro 
population,  and  between  the  populations  of  the  Guadalupe  Mountains  and 
the  Sierra  Vieja  range.  In  the  subcaudal  counts,  significant  differences  exist 
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in  the  males  between  the  samples  of  the  Sierra  Madre  Occidental  and  those 
of  the  Guadalupe  Mountains;  between  those  of  the  Guadalupe  Mountains 
and  those  of  the  Sierra  Vieja  Range;  and,  in  the  females,  between  the 
Cochise-Chiricahua  and  Guadalupe  Mountains  populations.  No  significant 
differences  exist  between  any  of  the  samples  in  supralabial  counts. 

Thamnophis  cyrtopsis  is  a  species  that  is  confined  to  plateaus  and 
mountains.  Broad  valleys  and  plains  appear  to  be  ecological  barriers  to  the 
dispersal  of  this  species.  The  subspecies  cyrtopsis  inhabits  a  large  geographic 
area  which  consists  of  alternating  highlands  and  basins.  Each  population  is 
partially  isolated  from  a  neighboring  population  by  a  broad  valley  or  plain. 
Such  partial  isolation  of  local  populations  is  favorable  to  local  differentiation 
(see  Wright,  1949),  The  extreme  amount  of  variation,  which  is  shown  by 
the  cyrtopsis  populations  (see  Figs.  2  through  5),  is  to  be  expected,  there¬ 
fore,  when  one  considers  the  pattern  of  distribution  of  this  subspecies. 

THE  GEOGRAPHIC  RACES  OF  THAMNOPHIS  CYRTOPSIS 

T hamnophis  cyrtopsis 

This  species  is  characterized  by  a  dorsal  scale  count  which  is  con¬ 
stantly  19-19-17.  Stuart  (1951)  has  published  scale  counts  which  vary  from 
this,  but  the  same  specimens  were  examined  in  this  study  and  the  discrep¬ 
ancy  may  be  due  to  the  counts  having  been  taken  at  different  positions. 
The  scale  reduction  formula  of  a  specimen  from  Austin,  Texas,  is,  using 
the  method  of  Dowling  (1951a), 

-4(97) 

>7  (155) 

The  hemipenes  in  this  species  extend  to  the  eighth  subcaudal.  The  ventrals 
number  from  140  to  183  in  males  and  from  137  to  176  in  females.  The 
subcaudals  number  from  60  to  103  in  males  and  from  5  8  to  95  in  females. 
There  are  usually  eight  supralabials,  10  infralabials,  one  preocular,  and  three 
postoculars.  The  temporals  are  usually  1-2.  There  are  usually  three  stripes 
on  the  dorsal  surface,  a  mid-dorsal  and  two  lateral  stripes.  These  may  be 
absent  or  only  partially  present.  The  dorsal  pattern  between  the  stripes 
usually  consist  of  two  alternating  rows  of  spots. 

The  name,  eques,  which  has  previously  been  applied  to  this  species  was 
recently  found  by  Smith  (1951)  to  refer  to  an  entirely  different  species. 
Kennicott^s  1860  name,  cyrtopsis,  is  the  oldest  name  referable  to  the  species 
formerly  called  eques.  The  geographic  races,  as  here  interpreted,  comprise 
four  subspecies:  sumichrasti,  cy elides,  cyrtopsis,  and  ocellata.  They  are  dis¬ 
cussed  below, 

Thamnophis  cyrtopsis  sumichrasti  (Cope) 

Eutaenia  sumichrasti  Cope,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1886:  306. 
Thamnophis  sumichrasti  sumichrasti  Smith,  Zoologica,  1942,  v.  27,  pts. 
3  &  4:  110.  Smith,  Nixon,  and  Smith,  Linnean  Soc.  Journ.,  1950, 
V.  41,  no.  282:  579-580. 

Thamnophis  eques  sumichrasti  {nec  Reuss)  Bogert  and  Oliver,  Bull.  Amer. 

Mus.  Nat.  Hist.,  1945,  v.  83,  no.  6:  3  5  8-360. 

Eutaeania  praeocularis  Bocourt,  Le  Naturaliste,  1892:  278. 

Eutaenia  cyrtopsis  fulvus  Bocourt,  Miss.  Sci.  Mex.,  Rept.,  1893:  777-778. 
Thamnophis  arabdotus  Andrews,  Zool.  Ser.  Field  Mus.  Nat.  Hist.,  1937, 
vol.  20:  357-358. 
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Thmnnophis  rozellae  Smith,  Proc.  Biol.  Soc.  Wash.,  1940,  v.  53:  56-57. 
Thamnophts  bovalli  T)unn^  Herpetologica,  1940,  v.  1:  191-192. 

Thamnophis  sumichrasti  praeocnlaris  Smith,  Zoologica,  1942,  v.  27,  pts. 
3  &  4i  111.  Smith,  Nixon,  and  Smith,  Linnean  Soc.  Journ.,  1950, 
V.  41,  no.  282:  579-580. 

Thamnophis  sumichrasti  cerebrosus  Smith,  Zoologica,  1942,  v.  27,  pts. 
3  &  4:  111-112.  Smith,  Nixon,  and  Smith,  Linnean  Soc.  Journ., 
1950,  V.  41,  no.  282:  579-580. 

Thamnophis  sumichrasti  fulvus  Smith,  Zoologica,  1942,  v.  27,  pts.  3  &  4: 
112.  Smith,  Nixon,  and  Smith,  Linnean  Soc.  Journ.,  1950,  v.  41, 
no.  282:  579-580. 

Thamnophis  sumichrasti  salvini  Smith,  Nixon,  and  Smith,  Linnean  Soc. 
Journ.,  1950,  v.  41,  no.  282:  579-580. 

TYPE  LOCALITY:  Orizaba,  Vera  Cruz,  Mexico.  As  suggested  by  Smith 
(1942),  the  locality  data  are  probably  in  error.  The  two  cotypes  are  Nos, 
26501  and  26  502  in  the  United  States  National  Museum. 

COLORATION:  The  top  of  the  head  is  a  uniform  black.  This  black  ex¬ 
tends  downward  in  narrow  lines  along  the  supralabial  sutures.  Occasion¬ 
ally,  these  lines  may  be  joined  along  the  upper  margins  of  the  supralabials 
to  form  a  series  of  inverted  U-shaped  markings.  Black  lines  on  the  infra¬ 
labial  sutures  are  narrow  or  absent.  A  large  black  occipital  blotch  is  fused 
with  the  black  coloration  of  the  head  on  each  side  of  the  dorsal  mid-line. 

The  lateral  and  mid-dorsal  stripes  may  be  present,  partially  present,  or 
absent.  Of  the  specimens  examined,  the  mid-dorsal  stripe  is  present  in  48.4 
per  cent,  absent  in  27.2  per  cent,  present  only  anteriorly  in  21.2  per  cent, 
and  present  only  posteriorly  in  3.2  per  cent.  The  lateral  stripe,  when  pres¬ 
ent,  is  yellowish-white  in  color  and  occupies  the  second  and  third  dorsal 
scale  rows.  The  mid-dorsal  stripe,  when  present,  is  yellowish-white  in  color 
and  is  situated  on  the  median  scale  row  only  in  all  of  the  specimens  exam¬ 
ined.  The  pattern  between  the  dorsal  and  lateral  stripes  consists  of  two  rows 
of  small  irregular-shaped  spots.  The  two  rows  usually  are  not  in  contact 
and,  therefore,  no  checkerboard  effect  is  present.  Each  spot  is  about  two 
scales  wide.  A  single  series  of  spots,  each  about  one  scale  wide,  is  present 
on  the  first  dorsal  scale  row.  When  the  lateral  stripes  are  absent,  there  is  a 
tendency  toward  a  second  type  of  pattern.  This  is  a  pattern  of  narrow 
bands,  each  about  one  scale  wide,  which  extend  from  the  first  dorsal  scale 
row  to  the  mid-dorsal  stripe.  If  the  mid-dorsal  stripe  is  also  absent,  the 
bands  on  each  side  meet  at  the  mid-line  of  the  back  to  form  a  single  band 
clear  across  the  dorsal  surface.  Individuals  of  this  subspecies  tend  to  retain 
their  pattern  throughout  life. 

The  chin  is  an  immaculate  white.  The  belly  is  greenish-white  to 
yellowish-white.  The  outer,  anterior  edges  of  the  ventrals  and  subcaudals 
are  either  immaculate  or  marked  with  small  irregular-shaped  black  spots. 
SCUTELLATION :  The  ventrals  range  from  142  to  159  in  males,  with 
an  average  of  148.3,  and  from  13  5  to  155  in  females,  with  an  average  of 
145.5.  The  subcaudals  range  from  63  to  83  in  males,  with  an  average  of 
72.7,  and  from  5  8  to  8  5  in  females,  with  an  average  of  64.0.  Populations 
A  through  C  in  Tables  I  and  II  and  Figures  2  through  5  show  the  geographic 
variation  in  the  number  of  ventrals  and  subcaudals  of  sumichrasti.  There 
are  8  supralabials  on  each  side  in  81.8  per  cent  of  the  specimens  examined, 
10  infralabials  in  78.1  per  cent,  1  preocular  in  96.9  per  cent,  and  3  post¬ 
oculars  in  89.2  per  cent.  The  minimum  and  maximum  variations  in  these 
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Comparison  of  subcaudal  counts  in  the  females  of  three  populations  of  T.  c. 
sumichrasti  (A- — C),  one  population  of  T.  c.  sumichrasti  x  cy elides  (D),  two  popu¬ 
lations  of  T.  c.  cy  elides  (E — F),  five  populations  of  T.  c.  cyrtopsis  (J — L,  N — O), 
one  population  of  T.  c.  cyrtopsis  x  ocellata  (P),  and  one  population  of  T.  c.  ocellata 
(Q).  The  vertical  lines  indicate  the  ranges  and  the  horizontal  lines  indicate  the 
means.  The  black  rectangles  represent  twice  the  standard  error  of  the  means  added 
to  each  side  of  the  means.  The  numbers  of  specimens  from  each  population  are: 
(A)  17,  (B)  5,  (C)  5,  (D)  17,  (E)  13,  (F)  10,  (J)  10,  (K)  21,  (L)  12, 
(N)  25,  (O)  47,  (P)  21,  and  (Q)  24. 


counts  are  as  follows:  supralabials  7  to  9,  infralabials  9  to  11,  preoculars 
1  to  2,  and  postoculars  2  to  4.  There  are  2  postoculars  on  each  side  in  1.5 
per  cent  of  the  specimens  examined  and,  also,  4  in  1.5  per  cent. 
HABITAT:  This  subspecies  is  evidently  restricted  to  the  higher  elevations 
of  the  mountain  ranges  in  southern  Mexico  and  Guatemala.  Stuart  (1948) 
found  the  remains  of  a  specimen  of  Hyla  spinipollex  in  the  stomach  of  a 
specimen  from  Finca  Chichen,  Guatemala. 

RANGE:  T hamnophis  cyrtopsis  sumichrasti  ranges  from  the  vicinity  of  the 
Rio  Balsas  in  southern  Mexico  south  and  east  through  the  Sierra  Madre  del 
Sur,  Chiapas  highlands,  and  Guatemalan  highlands  into  Nicaragua.  Inter¬ 
gradation  with  cyclides  is  discussed  under  that  form. 
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A  total  of  40  specimens  of  sumichrasti  was  examined  from  the  follow¬ 
ing  localities.  Those  marked  with  an  asterisk  ('“■)  are  not  shown  on  the 
map  (Fig.  1).  Oaxaca:  Miahuatalan,  Mitla,  Oaxaca.  Chiapas:  Ciltepec'**, 
Saxchamal''^  Guate^nala:  Chimaltenango,  Finca  Chichen,  Finca  Glas  de 
Maca"',  10  km.  SE.  Guatemala  City,  Ixchiguan,  Rio  Achute,  11  km.  E.  San 
Jose  Pinula,  San  Marcos,  San  Mates,  Tacana,  Tecpan,  Tejutla,  3  km.  E. 
Tejutla.  The  specimens  discussed  by  Slevin  (1939)  were  from  the  follow¬ 
ing  localities  in  Guatemala:  Chichivac  in  the  vicinity  north  of  Tecpan; 
Lake  San  Antonio  in  the  vicinity  of  the  town  of  San  Antonio;  and  El 
Potrero  Finca,  Volcan  Agua. 

In  addition  to  the  40  specimens  for  which  the  localities  are  listed 
above,  five  additional  specimens  were  examined.  The  data  on  these  five  were 
later  discarded.  One  specimen  from  Montecristo,  Tabasco,  was  not  used 
because  the  low  altitude  of  that  locality  makes  the  record  doubtful.  Two 
specimens  were  from  '"'Guatemala”  and  were  not  used  because  of  no  spe¬ 
cific  locality.  One  specimen  from  Esquintla,  Guatemala,  and  one  from 
"probably  Guatemala”  were  not  used  for  reasons  previously  discussed. 

Thamnophis  cyrtopsis  cy elides  Cope 

Thainnophis  cyrtopsis  cycUdes  Cope,  Proc.  Acad.  Nat.  Sci,  Philadelphia, 
1861,  V.  13:  299-300. 

Tropidonotus  collaris  Jan,  Elenco  Sist.  Ofidi.,  1863:  69. 

Eutaenia  pulchrilatus  Cope,  Proc.  Amer.  Philos.  Soc.,  1885  (1884),  v.  22: 
174. 

Tropidonotus  ordinatus  eques  {nec,  Reuss)  Boulenger,  Cat.  Snakes  Brit. 
Mus.,  1893,  vol.  1:  209. 

Thamnophis  eques  {nec  Reuss)  Ruthven,  Bull.  U.  S.  Nat.  Mus.,  1908,  no. 
61:  158-164. 

Thamnophis  eques  eques  {nec  Reuss)  Gloyd  and  Smith,  Bull.  Chicago  Acad. 
Sci.,  1942,  V.  6:  234.  Smith,  Zoologica,  1942,  v.  27,  pts.  3  &  4: 
106-108.  Bogert  and  Oliver,  Bull.  Amer.  Mus.  Nat,  Hist.,  1945, 
V.  83,  no.  6.  3  58-360. 

Thamnophis  vicinus  Smith,  Zoologica,  1942,  v.  27,  pts.  3  &  4:  104-106. 
Thamnophis  eques  postremus  {nec  Reuss)  Smith,  Zoologica,  1942,  v.  27, 
pts.  3  &  4:  109-110. 

TYPE  LOCALITY:  Originally  given  as  Cape  San  Lucas,  Baja  California, 
but  recently  restricted  by  Smith  and  Taylor  (1950)  to  Guanajuato,  Guana¬ 
juato  (no  reasons  given). 

COLORATION:  The  top  of  the  head  is  a  uniform  black.  This  black 
extends  downward  in  narrow  lines  along  the  supralabial  sutures.  Occasion¬ 
ally,  these  lines  may  be  joined  along  the  upper  margins  of  the  supralabials 
to  form  a  series  of  inverted  U-shaped  markings.  Black  lines  on  the  infra¬ 
labial  sutures  are  narrow  or  absent.  A  large  black  occipital  blotch  is  fused 
with  the  black  coloration  of  the  head  on  each  side  of  the  dorsal  mid-line. 

The  lateral  and  mid-dorsal  stripes  may  be  present,  partially  present, 
or  absent.  Of  the  specimens  examined,  the  mid-dorsal  stripe  is  present  in 
8  5.4  per  cent,  absent  in  6.4  per  cent,  present  only  anteriorly  in  6,4  per 
cent,  and  intermittent  in  1.8  per  cent.  The  lateral  stripe,  when  present, 
is  yellow  or  yellowish-white  in  color  and  occupies  the  second  and  third 
dorsal  scale  rows.  The  mid-dorsal  stripe,  when  present,  is  yellow  in  color 
and  is  situated  on  the  median  scale  row  only  in  98.2  per  cent  of  the  speci- 
ments  examined.  It  occupies  the  median  scale  row  and  parts  of  adjacent 
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rows  in  1.8  per  cent.  The  pattern  between  the  dorsal  and  lateral  stripes 
consists  of  two  rows  of  small  spots.  Each  spot  is  about  two  scales  wide  and 
may  be  irregular  or  square.  The  two  rows  are  arranged  one  above  the  other 
in  a  checkerboard  fashion.  In  half -grown  specimens  and  adults,  the  two 
rows  of  spots  tend  to  fuse  and  produce  a  uniform  black  coloration  between 
the  stripes.  This  fusion  causes  a  striking  contrast  in  the  dorsal  coloration. 
The  effect  is  that  of  three  yellow  stripes  separated  by  two  black  ones.  A 
single  series  of  dark  spots,  each  about  one  scale  wide,  is  present  on  the  first 
dorsal  scale  row.  These  spots  alternate  with  the  lower  row  of  lateral  spots 
and  tend  to  remain  distinct  throughout  life. 

The  chin  is  an  immaculate  white.  The  belly  is  greenish-white  to  yel¬ 
low.  The  outer,  anterior  edges  of  the  ventrals  and  subcaudals  are  either 
immaculate  or  marked  with  small  irregular-shaped  black  spots. 
SCUTELLATI’ON :  The  ventrals  range  from  140  to  172  in  males,  with 
an  average  of  138.6,  and  from  138  to  168  in  females  with  an  average  of 
157.8.  The  subcaudals  range  from  72  to  103  in  males,  with  an  average  of 
82.7,  and  from  64  to  92  in  females,  with  an  average  of  75.4.  Populations 
E  and  F  in  Tables  I  and  II  and  Figures  2  through  5  show  the  geographic 
variation  in  the  numbers  of  ventrals  and  subcaudals  of  cyclides.  There  are 
8  supralabials  on  each  side  in  50.0  per  cent  of  the  specimens  examined  and 
7  in  42.6  per  cent,  10  infralabials  in  8  5.3  per  cent,  1  preocular  in  100 
per  cent,  and  3  postoculars  in  76.1  per  cent.  The  minimum  and  maximum 
variations  in  these  counts  are  as  follows:  supralabials  7  to  8,  infralabials  9 
to  11,  and  postoculars  1  to  4.  One  very  abnormal  specimen  had  only  2 
supralabials  and  5  infralabials.  There  are  2  postoculars  on  each  side  in  1.5 
per  cent  of  the  specimens  examined  and,  also,  4  in  1.5  per  cent. 

HABITAT:  This  subspecies  is  restricted  to  mountainous  regions  in  the 
Transverse  Volcanic  biotic  province  of  Goldman  and  Moore  (1945). 
RANGE:  Thamnophh  cyrtopsis  cyclides  ranges  from  about  the  Tropic  of 
Cancer  south  to  the  vicinity  of  the  Rio  Balsas.  It  occurs  from  the  edge 
of  the  Mexican  Plateau  near  the  Pacific  coast  east  to  the  edge  of  the  plateau 
near  the  Gulf  of  Mexico.  Intergradation  with  sumichrasti  is  discussed  below 
and  intergradation  with  cyrtopsis  is  discussed  under  that  form. 

A  total  of  68  specimens  of  cyclides  was  examined  from  the  following 
localities.  Those  marked  with  an  asterisk  ('“■)  are  not  shown  on  the  map 
(Fig.  1).  Distrito  Federal:  Lake  Xochimilco,  N.  foot  of  C.  Guerrero  in 
Guadalupe  Hills,  N.  of  Guadalupe,  San  Jeronimo,  Santa  Rosa,  Rio  San  Juan 
de  Dios  at  Tlalpan,  5.8  mi.  SW.  of  Obregon.  Guanajuato:  near  Acambaro, 
Guanajuato.  Hidalgo:  Apulco,  San  MigueP^  Jalisco:  Tlaquepague.  Mexico: 
23  km.  E.  of  Mexico  City,  45  km.  SW.  of  Mexico  City,  30  mi.  N.  of 
Mexico  City  at  Nochitongo,  2  mi,  S.  of  San  Martin  near  Zitacuaro. 
Michoacan:  Apatzingan,  Carapan,  Los  Reyes,  Morelia,  15  mi.  E.  of  Morelia, 
Tacicuaro,  Tancitaro,  Uruapan.  Morelos:  10  mi.  NE.  of  Cuernavaca,  Laguna 
de  Zempoala.  Puebla:  Puebla.  Vera  Cruz:  Las  Vigas,  Orizaba,  Totalco  near 
San  Antonio  Limon.  In  addition  to  these,  one  specimen  from  Mirador,  Vera 
Cruz,  was  examined.  The  data  on  it  were  later  discarded  because  the  low 
altitude  of  that  locality  makes  the  record  doubtful. 

T.  c.  cyclides  intergrades  with  T.  c.  sumichrasti  just  south  of  the  Rio 
Balsas  in  northern  Guerrero  and  northern  Oaxaca.  The  color  pattern  of  the 
inter  grades  is  like  that  of  sumichrasti.  The  ventral  counts  (Figs.  2  and  3,  D) 
are  somewhat  intermediate  but  are  closer  to  those  of  sumichrasti.  The  sub- 
caudal  counts  (Figs.  4  and  5,  D)  are  like  those  of  cyclides.  The  supralabial 
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FIGURE  6 


Comparison  of  supralabial  counts  (of  the  left  side)  of  three  populations  of 
T.  c.  sumichrasti  (A — C),  one  population  of  T.  c.  sumichrasti  x  cy elides  (D),  two 
populations  of  T,  c.  cy  elides  ( E — F ) ,  one  population  of  T,  c,  cyclides  x  cyrtopsis 
(G),  eight  populations  of  T.  c.  cyrtopsis  (H — O),  one  population  of  T.  c,  cyrtopsis 
X  ocellata  (P),  and  one  population  of  T.  c.  ocellata.  The  vertical  lines  indicate  the 
ranges  and  the  horizontal  lines  indicate  the  means.  The  rectangles  represent  twice 
the  standard  error  of  the  means  added  to  each  side  of  the  means.  The  numbers  of 
specimens  from  each  population  are;  (A)  35,  (B)  9,  (C)  11,  (D)  45,  (E)  40, 
(F)  27,  (G  21,  (H)  12,  (I)  28,  (J)  15,  (K)  44,  (L)  37,  (M)  16,  (N)  45, 
(O)  110,  (P)  37,  and  (Q)  46. 


counts  (Fig.  6,  D)  are  like  those  of  mmichrasti.  The  dorsal  stripe  is  present 
in  97.9  per  cent  of  the  specimens  examined  and  absent  in  2,1  per  cent. 
It  is  located  on  the  median  scale  row  only  in  all  of  the  specimens  examined. 
The  ventrals  of  the  intergrades  range  from  146  to  164  in  males,  with  an 
average  of  13  2. 6,  and  from  143  to  1  5 3  in  females,  with  an  average  of  145,0. 
The  subcaudals  range  from  60  to  98  in  males,  with  an  average  of  8  5,0,  and 
from  73  to  86  in  females,  with  an  average  of  80,3, 

A  total  of  49  intergrades  was  examined  from  the  following  localities. 
Those  marked  with  an  asterisk  ("')  are  not  shown  on  the  map  (Fig.  1). 
Guerrero:  Chilpancingo,  7  mi.  E.  of  Chilpancingo,  Omilteme"’,  5  mi,  S.  of 
Zacualtipan'C  Oaxaca:  Fluajupan. 
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Thamnophis  cyrtopsis  cyrtopsh  (Kennicott) 

Plate  I,  Figure  1 

Eutaenia  cyrtopsis  Kennicott,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860, 

V.  12:  333-34. 

Eutaenia  cyrtopsis  cyrtopsis  Cope,  Bull.  U.  S.  Nat’l.  Mus.  no.  17:  22-23. 
Eutaenia  eques  eques  {nec  Reuss)  Cope,  Ann.  Reprt.  U.  S.  Nat4.  Mus.,  1900 
(1898):  1050-1051. 

Thamnophis  eques  (nec  Reuss)  Ruthven,  Bull.  U.  S.  Nat’l.  Mus.  1908,  no. 
61:  158-164. 

Thamnophis  eques  cyrtopsis  (nec  Reuss)  Gloyd  and  Smith,  Bull.  Chicago 
Acad.  Sci.,  1942  v.  6:  234.  Smith,  Zoologica,  1942,  v.  27,  pts.  3 
&  4:  97. 

Thamnophis  cyrtopsis  cyrtopsis  Smith,  Copeia,  1951,  no.  2:  138-140. 
Eutaenia  aurata  Cope,  Proc.  U.  S.  Nat’L  Mus.,  1892  (1891),  v.  14:  659. 
TYPE  LOCALITY:  "Rinconada”,  Coahuila,  Mexico.  The  type  specimen 
is  No.  8067  in  the  United  States  National  Museum. 

COLORATION:  The  top  of  the  head  is  a  uniform  black.  This  black  ex¬ 
tends  downward  in  narrow  lines  along  the  supralabial  sutures.  Occasionally 
these  lines  may  be  joined  along  the  upper  margins  of  the  supralabials  to 
form  a  series  of  inverted  U-shaped  markings.  Black  lines  on  the  infralabial 
sutures  are  narrow  or  absent.  A  large  black  occipital  blotch  is  fused  with 
the  black  coloration  of  the  head  on  each  side  of  the  dorsal  mid-line. 

The  lateral  stripe  is  cream  or  yellowish-white  in  color  and  occupies 
the  second  and  third  dorsal  scale  rows.  The  mid-dorsal  stripe  is  yellowish- 
white  or  yellow  and  is  situated  on  the  median  scale  row  only  in  64  per  cent 
of  the  specimens  examined.  It  occupies  the  median  scale  row  and  parts  of 
adjacent  rows  in  36  per  cent.  The  pattern  between  the  dorsal  and  lateral 
stripes  consists  of  two  rows  of  small  square  spots.  The  two  rows  are  arranged 
one  above  the  other  in  a  checkerboard  fashion.  Each  spot  is  about  two  scales 
wide.  This  pattern  between  the  stripes  tends  to  remain  distinct  in  adult  speci¬ 
mens.  A  single  series  of  dark  spots,  each  about  one  scale  wide,  is  present  on 
the  first  dorsal  scale  row.  These  spots  alternate  with  the  lower  row  of  lateral 
spots  or  become  fused  into  a  solid  dark  stripe  below  the  lateral  stripe.  In¬ 
frequently,  the  lateral  line  is  invaded  from  below  by  the  small  spots  and 
from  above  by  the  lower  row  of  lateral  spots. 

The  chin  is  an  immaculate  white.  The  belly  is  greenish-white  to  yellow¬ 
ish-white.  The  outer,  anterior  edges  of  the  ventrals  and  subcaudals  are  either 
immaculate  or  marked  with  small  irregular-shaped  black  spots. 
SCUTELLATION :  The  ventrals  range  from  161  to  184  in  males,  with 
an  average  of  172.2,  and  from  152  to  177  in  fenjales,  with  an  average  of 

167.9.  The  subcaudals  range  from  75  to  105  in  males,  with  an  average  of 

87.9,  and  from  65  to  95  in  females,  with  an  average  of  78.3.  Populations 
I  through  O  in  Tables  I  and  II  and  Figures  2  through  5  show  the  geographic 
variation  in  the  number  of  ventrals  and  subcaudals  of  cyrtopsis.  There  are 
8  supralabials  on  each  side  in  86.6  per  cent  of  the  specimens  examined,  10 
infralabials  in  8  5.0  per  cent,  1  preocular  in  96.4  per  cent,  and  3  postoculars 
in  75.5  per  cent.  The  minimum  and  maximum  variations  in  these  counts 
are  as  follows:  supralabials  7  to  10,  infralabials  9  to  11,  preoculars  1  to  2, 
and  postoculars  1  to  4.  There  are  2  postoculars  on  each  side  in  3.3  per  cent 
of  the  specimens  examined  and  4  in  3.0  per  cent. 
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HABITAT:  This  subspecies  is  usually  found  around  springs  and  tanks  in 
watered  canyons  of  desert  mountain  ranges  in  the  southwestern  United 
States  and  northern  Mexico,  Jameson  and  Flury  (1949)  reported  that  the 
food  of  this  snake  in  the  Sierra  Vieja  consisted  largely  of  the  larvae  of  Hyla 
arenk'olor. 

RANGE:  Thamnophis  cyriopsis  cyrtopsis  ranges  from  southern  Utah  and 
southwestern  Colorado  south  through  Arizona,  New  Mexico,  and  Trans- 
Pecos  Texas  to  about  the  Tropic  of  Cancer.  In  Mexico,  it  is  found  from  the 
Pacific  coast  in  Sonora  and  Sinaloa  east  to  the  eastern  edge  of  the  Chihuahuan 
desert  in  extreme  western  Nuevo  Leon.  Intergradation  with  cycUdes  is  dis¬ 
cussed  below  and  intergradation  with  ocellata  is  discussed  under  that  form, 
A  total  of  391  specimens  of  cyrtopsis  was  examined  from  the  following 
localities.  Those  marked  with  an  asterisk  ( )  are  not  shown  on  the  map 
(F’ig,  1),  Arizona:  '"Arizona"’ Cochise  County^  Bisbee,  Chiricahua  Moun¬ 
tains,  20  mi,  S.  of  Dos  Cabezas,  20  mi,  SE.  of  Dos  Cabezas,  15  mi,  S,  of 
Fort  Huachuca,  between  Hereford  and  Cochise  Mountains,  Huachuca 
Mountains,  Lowell  Ranger  Station;  Graham  County,  Solomonsville;  Navajo 
County,  Lakeside,  Fort  Apache;  fima  County,  "Pima  County” Santa 
Catalina  Mountains,  Santa  Rita  Mountains,  3.5  mi.  W.  of  Tanque  Verde, 
Tucson,  18  mi.  NE,  of  Tucson,  15  mi.  SE.  of  Tucson;  Pinal  County,  4  mi. 
W,  of  Superior,  Queen  Creek;  Santa  Cruz  County,  2  mi.  E.  of  Calabasas, 
west  of  Huachuca  Mountains,  4-6  mi.  E.  of  Patagonia,  Pena  Blanca  Springs’% 
Ruby,  4.5  mi.  E.  of  Ruby,  5-6  mi.  SE.  of  Ruby,  Santa  Rita  Mountains, 
Tumacacori  Mountains,  ,2  5-. 50  mi.  SW.  of  Yank  Springs'L  Chihuahua: 
Basuriachi"",  Cajon  Bonito  Creek Chihuahua,  Guachochic,  Guadalupe  y 
Calvo,  Mojarachic'%  Pacheco,  Samachique,  San  Jose  de  Babicora,  San  Luis 
Mountains,  Santa  Barbara,  20  mi.  NW.  of  Santa  Barbara.  Coahiiilai  Las 
Delicias,  Monclova,  19  mi,  W.  of  Saltillo,  21  mi,  N.  of  Saltillo.  Durango: 
Durango,  27  mi,  W.  of  Durango,  2  5  mi.  N.  of  Encino,  Guanacevi,  Huasa- 
monata"',  Otinapa,  Las  Puentas’L  New  Mexico:  Catron  County,  Beaver 
Head  Lodge,  5  mi,  E,  of  Glenwood,  Luna;  Eddy  County,  Guadalupe  Moun¬ 
tains;  Grant  County,  "Grant  County” 10  mi.  NE.  Cliff,  East  Fork  of 
Gila  River,  5  mi.  N.  of  Mimbres,  6  mi.  SE,  of  Santa  Rita,  Silver  City; 
Lincoln  County,  8  mi.  W.  of  Oscuro;  Moro  County,  Wagon  Mound;  Otero 
County,  Corunda  Mountains;  Rio  Arriba  County,  10  mi.  N.  of  El  Rita; 
San  Juan  County,  Farmington;  Sierra  County,  Black  Mountains.  Sinaloa:  70 
km.  NE.  of  Mazatlan'L  Sonora:  Alamos,  Cananea,  Del  Rio'%  El  Tigre  Moun- 
tions,  Guadalupe  Canyon,  Guirocoba,  La  Posa,  Moctezuma,  Pilares,  Verrugo. 
Texas:  Culberson  County,  Frijole,  Guadalupe  Mountains,  Nickel  Creek,  4 
mi.  N.  of  Van  Horn,  9  mi.  N.  of  Van  Horn;  El  Paso  County,  Hueco  Tanks 
(25  mi.  E,  of  El  Paso);  Jeff  Davis  County,  Davis  Mountains,  Fort  Davis, 
5  mi.  N.  of  Fort  Davis;  Presidio  County,  37  mi.  S.  of  Marfa,  2  mi.  S.  of 
Paisano,  3  mi.  NE.  of  Porvenir,  12  mi.  E.  of  Ruidosa,  Sierra  Vieja.  Utah: 
Grand  County,  Arch  Canyon,  Moab.  Xacatecas:  San  Juan  Capistrano, 

T.  r.  cyrtopsis  intergrades  with  cyclides  in  a  wide  belt  just  south  of 
the  Tropic  of  Cancer  in  southern  Sinaloa,  Durango,  and  Tamaulipas  and 
in  northern  Nayarit,  Zacatecas,  and  San  Luis  Potosi.  The  color  pattern  of 
the  intergrades  is  like  that  of  cyclides.  The  ventral  counts  of  the  males 
(Fig.  2,  G)  are  somewhat  intermediate,  while  the  subcaudal  counts  of  the 
males  (Fig.  4,  G)  are  like  those  of  cyrtopsis.  Not  enough  female  specimens 
were  available  for  statistical  treatment  of  the  numbers  of  ventrals  and  sub- 
caudals.  The  supralabial  counts  (Fig.  6,  G)  are  like  those  of  cyrtopsis.  The 
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dorsal  stripe  is  present  in  all  of  the  specimens  examined.  It  is  located  on  the 
median  scale  row  only  in  87.5  per  cent  of  the  specimens  and  on  the  median 
scale  row  and  parts  of  adjacent  scale  rows  in  12.5  per  cent.  The  ventrals  of 
the  intergrades  range  from  157  to  180  in  males,  with  an  average  of  166.6, 
and  from  151  to  173  in  females,  with  an  average  of  163.5.  The  subcaudals 
range  from  77  to  100  in  males,  with  an  average  of  93.1,  and  from  69  to 
99  in  females,  with  an  average  of  84.5. 

A  total  of  32  intergrades  was  examined  from  the  following  localities. 
Nayarit:  Santa  Teresa.  San  Luis  Potosii  Alvarez,  Charcas,  Hacienda  la  Pa- 
rada,  San  Diego.  Sinaloa:  Rosario.  Tamaulipas:  between  Gomez  Farias  and 
La  Joya  de  Salas,  La  Joya  de  Salas.  Xacatecas:  El  Arenal. 

REMARKS:  The  exact  location  of  the  type  locality  of  T hamnophis  cyrtopsis 
cyrtopsis  is  unknown.  Kennicott’s  description  (1860)  of  the  type  specimen 
is  as  follows:  "Behind  the  occipital  plates  is  a  very  large  double  black  blotch. 
Behind  this  there  are  three  or  four  perfect  square  blotches  extending  quite 
from  the  dorsal  to  the  lateral  stripe,  each  three  scales  in  length,  and  sepa¬ 
rated  by  intervals  of  about  two  scales  wide.  Behind  these  the  general  pat¬ 
tern  of  spots  is  seen”.  He  gives  the  ventral  count  as  179  and  the  subcaudal 
count  as  90.  The  type,  therefore,  appears  to  be  a  cyrtopsis-ocellata  inter¬ 
grade.  If  this  is  the  case,  then  Rinconada  is  located  somewhere  in  north¬ 
western  Coahuila.  Dr.  D.  D.  Brand  informs  me  that  the  name,  Rinconada, 
is  used  very  frequently  in  Mexico  to  refer  to  a  cove  or  some  corner  of  an 
area.  It  could  be  used  as  a  name  for  a  bend  in  a  canyon  wall,  a  particular 
part  of  a  ranch,  or  some  other  similar  area,  not  necessarily  inhabited. 

In  the  original  description,  Kennicott  also  discussed  two  other  speci¬ 
mens.  One  was  from  Durango,  Mexico,  and  the  other  was  from  the  Gila 
River,  Arizona.  The  latter  specimen  would  have  been  a  more  suitable  type 
than  either  of  the  other  two.  The  one  from  Rinconada  is  apparently  an  inter¬ 
grade  with  ocellata,  and  Durango  is  very  near  the  intergradation  area  of 
cyrtopsis  with  cy elides.  The  Gila  River  is  close  to  the  center  of  the  range 
of  cyrtopsis  as  it  is  now  known. 

T hamnophis  cyrtopsis  ocellata  (Cope) 

Plate  I,  Figure  2 

Eutaenia  cyrtopsis  ocellata  Cope,  Bull.  U.  S.  Nat’l.  Mus.,  1880,  no.  17:  22. 
Eutaenia  eques  collaris  (nee  Reuss)  Cope,  Ann.  Report  U.  S.  Nat’l.  Mus., 
1900  (1898):  1051-1052. 

T hamnophis  eques  {nec  Reuss)  Ruthven,  Bull.  U.  S.  Nat’l.  Mus.,  1908, 
no.  61:  158-164. 

Thamnophis  eques  cyrtopsis  (nec  Reuss)  Smith,  Zoologica,  1942,  v.  27, 
pts.  3  &  4:  98. 

TYPE  LOCALITY:  Helotes,  Bexar  County,  Texas.  The  two  cotypes  are 
both  No.  10528  in  the  United  States  National  Museum. 

COLORATION:  The  top  of  the  head  is  a  uniform  black.  This  black  ex¬ 
tends  downward  in  broad  lines  along  the  supralabial  sutures.  These  lines 
are  joined  along  the  upper  margins  of  the  supralabials  to  form  a  series  of 
inverted  U-shaped  markings.  Black  lines  on  the  infralabial  sutures  are  nar¬ 
row  or  broad,  but  never  absent.  A  large  black  occipital  blotch  is  fused 
with  the  black  coloration  of  the  head  on  each  side  of  the  dorsal  mid-line. 

The  lateral  stripe  is  cream  or  yellowish-white  in  color  and  occupies 
the  second  and  third  dorsal  scale  rows.  The  mid-dorsal  stripe  is  orange  or 
yellowish-orange  in  color  and  occupies  the  median  scale  row  and  parts  of 
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adjacent  scale  rows  in  all  of  the  specimens  examined.  The  pattern  between 
the  dorsal  and  lateral  stripes  consists  of  a  single  row  of  large  square  blotches 
on  the  neck  and  two  rows  of  rectangular  spots  posteriorly.  Both  the  blotches 
and  the  spots  are  about  four  scales  wide.  The  blotches  vary  in  number  from 
two  to  eleven.  The  two  rows  of  rectangular  spots  are  arranged  one  above 
the  other  in  a  checkerboard  fashion.  In  adults,  the  two  rows  tend  to  fuse 
and  produce  a  uniform  black  coloration  between  the  stripes.  A  single  series 
of  spots,  each  about  two  scales  wide,  is  present  on  the  first  dorsal  scale  row. 
These  alternate  with  the  large  single  row  of  blotches  anteriorly,  and  with 
the  lower  row  of  rectangular  spots  posteriorly.  These  small  spots  tend  to 
remain  distinct  throughout  life.  The  large  blotches  on  the  neck  and  the 
lower  row  of  rectangular  spots  invade  the  lateral  line  from  above  and  re¬ 
duce  it  to  less  than  one  scale  row  in  width.  In  some  cases  it  may  be  com¬ 
pletely  interrupted.  These  invasions  cause  the  lateral  line  to  appear  to  bend 
down  below  the  lateral  spots  and  blotches  and  to  bend  up  over  the  small 
spots.  This  produces  a  wavy  appearance  of  the  lateral  stripe. 

The  chin  is  immaculate  white.  The  belly  is  a  greenish-white  or  yellow¬ 
ish-white.  The  outer,  anterior  edges  of  the  ventrals  are  marked  with  small 
or  large  irregular-shaped  black  spots.  The  same  areas  on  the  subcaudals  are 
immaculate  or  marked  with  small  spots. 

SCUTELLATION :  The  ventrals  range  from  157  to  164  in  males,  with 
an  average  of  160.4,  and  from  148  to  165  in  females,  with  an  average  of 
156.5.  The  subcaudals  range  from  73  to  91  in  males,  with  an  average  of 
78.3,  and  from  63  to  82  in  females,  with  an  average  of  69.5.  There  are 
8  supralabials  on  each  side  in  80.0  per  cent  of  the  specimens  examined,  10 
infralabials  in  8  5.4  per  cent,  1  preocular  in  100  per  cent,  and  3  postoculars 
in  56.0  per  cent.  The  minimum  and  maximum  variations  in  these  counts 
are  as  follows:  supralabials  7  to  9,  infralabials  9  to  11,  and  postoculars  2 
to  4.  There  are  2  postoculars  on  each  side  in  26.0  per  cent  of  the  specimens 
examined.  None  has  4  on  each  side. 

HABITAT:  This  subspecies  is  found  in  cedar  brakes,  on  limestone  ledges, 
and  on  rocky  hillsides,  not  necessarily  in  the  vicinity  of  water.  It  is  usually 
found  in  the  same  ecological  associations  with  Syrrhophus  marnockn  and 
Gcrrhonotiis  liocephahis  infernalis.  A  number  of  specimens  of  ocellata  have 
been  collected  on  limestone  ledges  near  Austin,  Texas,  which  support  dense 
populations  of  Syrrhophus.  It  is  possible  that  the  frog  forms  a  good  part 
of  the  diet  of  the  garter  snake.  One  specimen  from  Austin  contained  a  par¬ 
tially  digested  Leiolo plsma  lateralc. 

RANGE:  Thamnophis  cyrtopsis  ocellata  is  restricted  to  the  Edwards  Plateau 
of  central  Texas.  A  total  of  5  3  specimens  was  examined  from  the  following 
localities:  Bexar  County,  Helotes,  7.4  mi.  NW.  of  Helotes,  San  Antonio; 
Comal  CoJinty,  near  New  Braunfels,  2  mi.  E.  of  New  Braunfels;  Edwards 
County,  26  mi.  NE.  of  Rocksprings;  Hays  County,  10  mi.  W.  of  Fischer’s 
store,  San  Marcos,  near  Wimberley;  Kendall  County,  Boerne;  Kerr  County, 
20  mi.  W.  of  Hunt;  Llano  County,  Enchanted  Rock,  2  mi.  S.  of  Ink’s  Lake; 
Medina  County,  Castroville;  Real  County,  1  mi.  N.  of  Leakey;  Travis 
County,  Austin,  4  mi.  SW.  of  Austin,  6  mi.  NW.  of  Austin,  10  mi.  N. 
of  Austin,  20  mi.  W.  of  Austin,  5  mi.  W.  of  Jolly ville,  Mansfield  Dam; 
Val  Verde  County,  20  mi.  NW.  of  Del  Rio,  3.5  mi.  N.  of  U.  S.  Hwy  90 
on  the  Devils  River. 
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T.  c.  ocellata  intergrades  with  T.  c,  cyrtopsis  in  the  eastern  Trans- 
Pecos  of  Texas  and  in  northwestern  Coahuila,  Mexico.  The  color  pattern  of 
the  intergrades  is  like  that  of  ocellata  (Plate  I,  fig.  2),  while  the  ventral 
and  subcaudal  counts  are  like  those  of  cyrtopsis  (Figs.  2  through  5,  P.). 
The  ventrals  of  the  intergrades  range  from  166  to  183  in  males,  with  an 
average  of  173.8,  and  from  163  to  176  in  females,  with  an  average  of 
169.3.  The  subcaudals  range  from  77  to  95  in  males,  with  an  average  of 
8  5.3,  and  from  71  to  82  in  females,  with  an  average  of  76.7. 

A  total  of  42  intergrades  was  examined  from  the  following  localities: 
Coahuila:  main  spring  at  Campo  Central  on  the  El  Jardin  Ranch,  Del  Car¬ 
men  Mountains.  Texas:  Brewster  County^  Big  Bend  National  Park,  29  mi, 
W.  of  Sanderson;  Terrell  County y  13  mi.  S,  of  Sheffield.  The  Campo  Central 
locality  in  Coahuila  is  the  only  one  not  shown  on  the  map  (Fig.  1) . 

ECOLOGICAL  AND  BIOGEOGRAPHICAL  RELATIONSHIPS 

At  least  three  suggestions  have  been  made  as  to  the  possible  origin 
of  Thamnophis  cyrtopsis.  Ruthven  (1908)  placed  it  in  the  Thamnophis 
ordinatus’’’  group,  while  Smith  (1942)  suggested  both  T.  ordinoides  and 
T.  chrysochephalus  as  possible  derivatives  of  cyrtopsis.  Whether  or  not 
chrysocephalus  and  cyrtopsis  are  closely  related  cannot  be  determined  on  the 
basis  of  the  present  knowledge  of  the  two  species.  Smith  related  them  on 
the  basis  of  the  presence  or  absence  of  the  mid-dorsal  stripe  and  on  its 
width  when  present.  The  stability  of  these  characters  in  cyrtopsis  has  been 
discussed  above.  If  color  pattern  and  scale  counts  are  used  to  relate  these 
two  species,  then  at  least  three  other  Mexican  species  {phenax,  scalaris,  and 
melanogaster)  must  also  be  given  careful  consideration.  On  the  basis  of 
hemipenal  length,  it  seems  best,  at  the  present  time,  to  place  cyrtopsis  in 
the  ordinatus  group,  rather  than  to  try  and  relate  it  to  the  ordinoides  group. 
Both  cyrtopsis  and  ordinatus  have  hemipenes  which  extend  only  to  the 
eighth  subcaudal,  while  the  hemipenes  of  ordinoides  extends  to  the  four¬ 
teenth  subcaudal  (Fitch,  1940).  In  addition,  the  scale  counts  of  both 
cyrtopsis  and  ordinatus  are  constantly  19-19-17.  The  dorsal  scale  counts  of 
the  various  members  of  the  ordinoides  group  are  not  constant,  and  those 
with  19-19-17  do  not  have  ranges  in  contact  with  the  range  of  cyrtopsis. 

If  ordinatus  is  the  ancestor  of  cyrtopsis,  then  the  latter  possibly  arose 
through  a  Pleistocene  split.  If  ordinatus  occupied  approximately  its  present 
range  sometime  in  the  Pleistocene  and  was  driven  south  by  a  colder  climate 
during  one  of  the  glacial  stages  it  could  have  been  divided  into  two  groups; 
one  seeking  refuge  in  Mexico  and  one  seeking  refuge  in  Florida.  Through 
such  a  split,  it  would  be  possible  for  the  two  groups  to  remain  isolated  for 
a  sufficient  length  of  time  for  isolating  mechanisms  to  arise.  This  hypothesis 
is  somewhat  borne  out  by  the  present  day  distribution  of  the  two  species. 
The  range  of  ordinatus  covers  virtually  all  of  the  United  States  and  only  a 
small  part  of  northern  Mexico,  if  it  gets  into  Mexico  at  all.  On  the  other 
hand,  cyrtopsis  occupies  all  of  the  plateau  and  mountainous  regions  of  Mex¬ 
ico,  but  enters  into  the  United  States  only  in  the  southwest. 

After  having  arisen  from  ordinatus  or  some  related  species,  it  is  pos¬ 
sible  that  cyrtopsis  was  confined  to  southern  Mexico  by  a  colder  climate 
caused  by  glaciation  in  the  north  or  by  increasingly  arid  conditions  in  the 
north.  If  this  was  so,  it  could  have  been  divided  into  two  groups  by  some 

*  See  Dowling  (1951b)  for  the  use  of  the  name  ordinatus. 


376 


The  Texas  Journal  of  Science 


1953,  No,  3 
September 


such  factor  as  the  opening  of  the  Isthmus  of  Tejuantepec.  If  some  mor¬ 
phological  differentiation  occurred  and  if  the  two  groups  came  again  into 
contact  before  isolating  mechanisms  arose,  then  the  origin  of  the  two  south¬ 
ern  races  could  be  easily  explained.  In  present  day  distribution,  cycUdes 
occupies  the  Transverse  Volcanic  biotic  province  of  Goldman  and  Moore 
(1945),  while  sumichrasti  occupies  the  Sierra  Madre  del  Sur  and  Chiapas 
Highlands  biotic  provinces.  Intergradation  between  the  two  occurs  along 
the  Rio  Balsas  Valley  in  the  Nayarit-Guerrero  province.  If  the  opening  of 
the  Isthmus  of  Tejuantepec  constituted  the  barrier,  then  the  occurrence  of 
stimichrasti  to  the  west  of  the  Isthmus  today  could  be  easily  explained  by 
dispersal  and  displacement.  On  the  other  hand,  some  ecological  factor  con¬ 
cerned  with  the  Rio  Balsas  valley  may  have  been  the  barrier. 

That  the  two  races  were  completely  isolated  geographically  is  borne 
out  to  some  extent  by  the  color  patterns  of  the  young.  The  pattern  between 
the  dorsal  and  lateral  stripes  in  the  young  of  all  of  the  subspecies  consists 
of  two  rows  of  alternating  spots.  In  sumichrasti,  these  two  rows  of  spots 
are  not  in  contact,  while  in  the  other  three  races  the  corners  meet  to  form 
a  definite  checkerboard  pattern.  That  they  do  not  meet  in  one  race  and 
do  in  the  other  three  is  a  possible  indication  that  this  one  race  was  com¬ 
pletely  isolated  from  the  rest  of  the  species  at  some  time  during  its  history. 
The  same  holds  true  for  the  Edwards  Plateau  race  where  the  connection 
between  the  spots  is  a  very  broad  one,  as  opposed  to  a  narrow  one  in 
cyrfopsis  and  cyclides.  Other  reasons  are  also  present  for  ocellata.  These  are 
discussed  below. 

Whether  or  not  these  differences  between  the  young  are  consistent 
cannot  be  determined  on  the  basis  of  the  present  material.  Only  a  small 
fraction  of  the  specimens  examined  were  juveniles.  The  individual  varia¬ 
tion  in  color  pattern  in  this  species  is  enormous  and,  therefore,  any  hypoth¬ 
esis  based  on  color  pattern  is  not  too  sound.  The  differences  in  the  color 
patterns  of  the  young  may  be  due  to  chance  alone.  Juvenile  color  pattern, 
rather  than  adult  color  pattern,  has  been  used  in  this  discussion  because  of 
the  tendency  for  the  pattern  to  become  obscured  in  the  adults  and  because 
of  other  ontogenetic  changes.  This  discussion  has  been  presented  in  an  at¬ 
tempt  to  offer  some  evidence  to  support  the  view  taken  above;  that  the 
opening  of  the  Isthmus  of  Tejuantepec  was  the  factor  that  led  to  the  differ¬ 
entiation  of  sumichrasti  and  cyclides.  Actually  such  a  complete  barrier 
would  not  be  necessary.  Anything  that  would  cause  greatly  reduced  gene 
flow  between  two  populations  would  be  sufficient. 

Thamnophis  cyrtopsis  is  restricted  to  plateaus  and  mountains.  The 
plains  and  broad  valleys  which  surround  and  separate  these  highlands  con¬ 
stitute  ecological  barriers  to  this  species.  Occasionally,  during  times  of 
changing  conditions,  large  numbers  of  individuals  might  cross  one  of  these 
barriers,  but  under  normal  conditions  migration  would  probably  be  limited 
to  a  few  individuals  or  none  at  all.  Such  partial  isolation  of  two  or  more 
populations  reduces  the  amount  of  gene  flow  between  them  and  favors  geo¬ 
graphical  differentiation.  The  amount  of  differentiation  between  two  local, 
partially  isolated  populations  in  the  same  biotic  province  probably  would 
not  be  as  great  as  that  between  two  populations  in  different  provinces. 
Since  two  areas  in  the  same  province  would  have  fairly  similar  ecological 
conditions,  parallel  environmental  selection  should  tend  to  offset  the  effects 
of  partial  isolation.  In  the  case  of  two  similarly  isolated  areas  in  different 
provinces,  both  selection  and  isolation  would  tend  to  favor  differentiation 
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as  ecological  conditions  would  differ  considerably  in  the  two  areas.  This  is 
CYidenced  in  the  populations  of  cyrtopsis  (see  Figs.  2-5).  The  differences 
between  the  four  populations  in  the  Apachian  province  (I— L)  are  not  as 
large  as  the  differences  between  any  population  in  the  Apachian  and  the 
one  in  the  Chihuahuan  province  (O).  The  fact  that  the  limits  of  the  ranges 
of  all  four  of  the  subspecies  correspond  approximately  to  the  boundaries 
of  biotic  provinces  is  an  indication  of  the  importance  of  different  environ¬ 
ments  to  subspeciation. 

Changing  conditions  could  cause  a  species  to  cross  an  ecological  bar¬ 
rier  and  invade  a  biotic  province  previously  uninhabited  by  that  species. 
The  invading  colony  could  become  isolated  from  the  original  population 
by  a  further  change  of  environmental  conditions  in  the  intervening  area. 
The  reduced  amount  of  gene  flow  would  cause  any  mutation  that  arose 
in  the  colony  and  that  was  preserved  as  an  adaptation  to  the  new  environ¬ 
ment  to  tend  to  remain  in  the  colony.  Over  a  period  of  time,  enough  muta¬ 
tions  could  arise  in  the  colony  and  be  perpetuated  there  to  set  it  apart  from 
the  original  population  as  a  new  race.  This  appears  to  be  the  method  by 
which  T hamnophis  cyrtopsis  cyrtopsis  arose. 

The  northern  races  of  T hamnophis  cyrtopsis  range  through  a  total  of 
seven  biotic  provinces.  These  include:  the  Apachian,  Chihuahuan,  Durangan, 
Navahonian,  Sinaloan,  Sonoran  of  Dice  (1943),  and  Balconian  of  Blair 
(1950).  The  Balconian  province  is  occupied  by  ocellata  and  the  remaining 
six  are  occupied  by  cyrtopsis.  The  two  subspecies  intergrade  in  an  area 
which  is  somewhat  intermediate  between  the  Chihuahuan  and  Balconian. 
Intergradation  between  cyrtopsis  and  cy elides  takes  place  just  south  of  the 
Tropic  of  Cancer  along  the  southern  limits  of  the  Sinaloan,  Durangan,  and 
Chihuahuan  biotic  provinces. 

The  scale  counts  and  color  pattern  of  cycUdes  indicate  that  it  is  the 
ancestor  of  both  cyrtopsis  and  ocellata.  Smith  (1942)  has  already  presented 
evidence  to  support  the  view  that  the  "direction  of  evolution’"  in  this  species 
is  from  south  to  north.  The  close  similarity  of  ventral  counts  in  cycUdes  and 
ocellata^  along  with  the  tendency  for  the  pattern  to  become  obscured  in 
the  adults  of  both,  indicates  a  close  relationship  between  the  two.  The  exist¬ 
ence  of  an  irregular  dine  in  the  populations  is  evident  from  the  data  pre¬ 
sented  in  Figs.  2  and  3.  This  is  apparently  a  trend  for  an  increased  number 
of  ventrals  in  first  a  northern  (samples  A  to  M),  then  an  eastern  (samples 
M  to  N),  and  finally  a  southern  (samples  N  to  O)  direction.  The  fact 
that  ocellata  does  not  fit  into  this  dine  is  strong  evidence  that  it  is  not 
closely  related  to  cyrtopsis.  On  the  other  hand,  the  direction  of  the  dine 
shows  a  possible  method  by  which  cyrtopsis  could  have  been  derived  from 
cycUdes.  The  ventral  counts  of  the  Apachian  province  populations  (samples 
I— L)  of  cyrtopsis  are  the  closest  to  those  of  cycUdes  while  those  of  the 
Chihuahuan  population  (sample  O)  are  the  most  distant.  This  appears, 
then  to  be  an  example  of  the  manner  of  subspeciation  discussed  above,  where 
the  invasion  of  a  new  biotic  province  is  followed  by  partial  isolation,  subse¬ 
quent  mutation,  and  finally  the  origin  of  a  new  race.  In  its  northward  dis¬ 
persal,  cycUdes  could,  have  followed  the  Sierra  Madre  Occidental  and  even¬ 
tually  invaded  the  desert  mountain  ranges  of  the  Sinaloan  and  Durangan 
biotic  provinces.  A  new  race,  cyrtopsis^  which  was  adapted  for  existence 
in  desert  mountain  ranges  could  have  arisen  here  or  in  the  Apachian  and 
Sonoran  provinces  and  then  dispersed  into  the  Navahonian  and  finally  into 
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the  Chihuahuan.  This  possible  history  is  in  accordance  with  the  dine  in 
the  number  of  ventrals  of  cyrtopsh  discussed  above. 

There  are  two  possible  explanations  of  the  manner  or  origin  of  ocellata 
from  cyclides.  Both  are  closely  concerned  with  the  Pleistocene,  and  both 
involve  the  hypothesis  that  the  Edwards  Plateau  population  was  isolated 
from  the  remainder  of  the  species  sometime  in  the  past  by  climatic  changes. 
The  two  alternative  theories  differ  as  to  the  age  of  the  subspecies  and  as  to 
the  nature  of  the  climatic  changes. 

During  the  subhumid  Ana  thermal  age  of  the  Neothermal  (Antevs, 
1948),  it  is  possible  that  cyclides  occupied  an  area  which  covered  approxi¬ 
mately  its  present  range  and  also  the  ranges  of  cyrtopsis  and  ocellata.  At  a 
later  time,  during  the  dry  Altithermal  age,  it  could  have  been  driven  south 
by  the  increasingly  arid  climate,  but  could  have  left  a  population  on  the 
possible  subhumid  Edwards  Plateau,  This  isolated  population  might  then 
have  differentiated  into  a  new  subspecies,  ocellata.  Before  isolating  mechan¬ 
isms  could  arise  and  cut  ocellata  off  from  the  species  entirely,  it  came  again 
into  contact  with  the  species  through  the  invasion  of  the  intervening  arid 
regions  by  cyrtopsis.  The  latter  race  could  have  arisen  in  the  manner  dis¬ 
cussed  above  during  the  age  that  ocellata  was  being  differentiated. 

The  other  theory  follows  the  same  basic  pattern.  The  southern  race, 
cyclides,  could  have  occupied  all  of  northern  Mexico  and  the  southwestern 
United  States  during  one  of  the  interglacial  stages,  rather  than  in  the  early 
Neothermal.  Possibly  the  cooler  climate  of  the  Wisconsin  glacial  stage,  rather 
than  the  arid  climate  of  the  Altithermal,  was  the  factor  that  forced  the 
species  south  and  isolated  the  Edwards  Plateau  population.  Why  this  popu¬ 
lation  was  not  also  forced  south  is  a  weak  point  in  the  argument,  but  it  must 
be  remembered  that  the  present  range  of  an  animal  is  not  evidence  that 
that  has  always  been  its  range.  If  either  of  these  theories  is  correct,  the 
present  day  intergradation  between  cyrtopsis  and  ocellata  is  secondary,  rather 
than  primary. 

‘  SUMMARY 

An  examination  of  707  specimens  of  T hamnophis  cyrtopsis  from  the 
United  States,  Mexico,  and  Guatemala  shows  a  considerable  amount  of  geo¬ 
graphic  variation  between  a  number  of  local  populations.  Analysis  of  the 
scale  counts  and  color  patterns  of  samples  from  these  populations  indicates 
that  four  subspecies  should  be  recognized.  These  are:  T.  c.  sumichrasti, 
which  ranges  through  Guatemala  and  southern  Mexico;  T.  c.  cyclides, 
which  ranges  through  central  Mexico;  T.  c.  cyrtopsis,  which  ranges  through 
northern  Mexico  and  the  southwestern  United  States;  and  T.  c.  ocellata, 
which  ranges  over  the  Edwards  Plateau  of  Central  Texas. 

Three  possible  origins  of  T hamnophis  cyrtopsis  are  T.  ordinatus,  T. 
ordinoides,  and  T.  chrysocephalus.  On  the  basis  of  hemipenal  length  and 
dorsal  scale  counts,  it  seems  best,  at  the  present  time,  to  place  cyrtopsis  in 
the  ordinatus  group,  T hamnophis  cyrtopsis  may  have  been  derived  from 
ordinatus  by  a  Pleistocene  split.  The  opening  of  the  Isthmus  of  Tejuantepec 
may  have  led  to  the  differentiation  of  T.  c.  sumichrasti  and  T.  c.  cyclides. 
If  the  species  occupied  approximately  the  same  range  in  the  past  as  it  does 
today,  climatic  changes  may  have  caused  the  species  to  retreat  south  leaving 
a  population  on  the  Edwards  Plateau  which  differentiated  into  T.  c.  ocellata, 
T.  c.  cyrtopsis  may  have  arisen  by  the  re-invasion  of  the  area  between  the 
populations  in  the  south  and  the  relict  populations  on  the  Edwards  Plateau. 
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SOLUBILITY  STUDIES  BY  MEANS 
OF  ULTRAVIOLET  LIGHT  ABSORPTION 


MADISON  L.  MARSHALL  AND  EVA  LOU  KING 
Texas  State  College  for  Women 

In  general,  solutions  which  become  colored  when  a  substance  is  dis¬ 
solved  become  more  deeply  colored  as  the  concentration  of  the  solution  is 
increasede  If  the  addition  of  the  substance  to  the  solvent  involves  no  chemi¬ 
cal  change,  the  depth  of  the  color  is  a  measure  of  the  concentration  of  the 
solution.  This  measure  is  quantitatively  and  mathematically  expressed  by  the 
Beer-Lambert  equation.  To  those  solutions  for  which  the  Beer-Lambert  equa¬ 
tion  is  not  strictly  applicable,  graphical  methods  may  be  employed  con¬ 
veniently  and  with  sufficient  accuracy  to  justify  their  extensive  usage. 

Saturated  solutions  show  no  further  development  of  color  when  addi¬ 
tional  solute  is  added  to  the  solution  and  thus  a  limiting  condition  is  reached 
in  the  application  of  the  law. 

The  use  of  ultraviolet  light  involves  no  new  principles  to  those  above 
except  those  principles  used  in  the  instrumentation  required  to  produce  the 
ultraviolet  radiation  and  to  measure  the  degree  to  which  it  is  absorbed  by 
the  solution  under  study.  An  instrument  designed  for  the  purpose  of  measur¬ 
ing  the  relation  of  transmitted  to  incident  radiation  as  it  changes  with  con¬ 
centration  is  called  a  spectrophotometer.  The  ratio  of  the  transmitted  to  the 
incident  radiation  is  called  "transmittance”.  Multiplied  by  100  it  is  the  per 
cent  transmittance.  The  logarithm  of  the  reciprocal  transmittance  is  called 
the  "absorbance”  or  "optical  density”.  An  absorbance  of  zero  corresponds  to 
complete  transparency,  while  an  absorbance  of  2.0  means  that  one  percent  of 
the  incident  radiation  is  transmitted  by  the  sample. 

For  solutions  which  obey  the  Beer-Lambert  law  a  straight  line  is  pro¬ 
duced  when  the  absorbance  is  plotted  against  the  concentration.  The  law 
may  be  expressed  mathematically  also,  as  follows 

log  I/Io  equals  kc 

where  I  is  the  intensity  of  the  radiation  after  passing  through  a 
depth  of  solution 

lo  is  the  intensity  of  the  radiation  as  it  enters  the  soluation 
c  is  the  concentration  of  the  solution 

and  k  is  a  constant  dependent  up  on  the  nature  of  the  solution, 
the  wave-length  of  the  radiation  used,  the  depth  of  the 
solution,  and  a  logarithm  conversion  factor. 

The  solubility  of  a  substance  is  that  concentration  at  which  I/I'o  no 
longer  increases  as  more  solute  is  added  to  the  solution.  This  statement  pre¬ 
supposes  that  sufficient  time  is  allowed  for  the  material  which  does  not  dis¬ 
solve  to  settle  out  and  not  be  suspended  in  the  path  of  the  radiation  beam. 
To  use  the  above  equation  at  least  two  measurements  are  necessary.  First,  a 
measurement  is  made  on  a  solution  of  known  concentration  which  is  less 
than  saturated.  If  a  portion  of  the  radiation  is  absorbed,  the  constant  k  can 
be  calculated  from  the  known  value  of  the  concentration  and  the  measured 
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value  of  the  absorbance.  Knowing  the  value  of  the  constant  kj  the  concen¬ 
tration  of  the  saturated  solution  can  be  calculated  from  the  measured  value 
of  the  absorbance  of  the  saturated  solution.  This  method  implies  that  the 
solution  obeys  the  Beer-Lambert  law  and  that  the  measured  values  are 
reliable.  In  practice  it  is  better  to  make  absorbance  measurements  at  several 
concentrations  to  check  the  constancy  of  k.  A  second  method  requires 
enough  measurements  to  determine  the  ratio  of  I/Iq  and  plot  absorbance 
against  concentration.  The  concentration  at  which  the  absorbance  no  longer 
increases  as  additional  solute  is  added  is  that  of  a  saturated  solution  and  Is 
the  solubility  of  the  substance  in  question. 

Spectrophotometry  implies  that  the  solvent  is  transparent.  A  great 
many  solvents  and  solutes  which  are  transparent  to  ordinary  light  do^  not 
transmit  ultraviolet  radiation.  To  express  it  correctly,  many  solutions  which 
are  transparent  to  ordinary  light  do  not  transmit  ultraviolet  radiation.  Water, 
saturated  alcohols,  and  saturated  hydrocarbons  all  transmit  ultraviolet  radia¬ 
tion  to  wavelengths  as  short  as  200  millimicrons  of  wave  length.  Aldehydes, 
ketones,  aromatic  hydrocarbons,  and  certain  other  classes  of  compounds, 
although  colorless  to  the  eye,  nevertheless  absorb  strongly  in  the  ultraviolet. 
These  facts  make  it  possible  to  study  the  solubility  of  aldehydes,  ketones, 
aromatic  hydrocarbons,  and  other  substances  which  have  absorption  bands 
in  the  ultraviolet  when  dissolved  in  water,  saturated  alcohols,  and  saturated 
hydrocarbons. 

The  work  reported  on  in  this  paper  utilizes  the  above  principles  for  the 
solubility  determination  of  at  least  one  member  of  an  aldehyde,  a  ketone,  an 
aromatic  hydrocarbon,  and  a  complex  nitrogen  compound  in  water  and  for 
beta  napbthol  in  normal  hexane. 

EXPERIMENTAL 

All  measurements  were  made  with  the  DU  Model  Beckman  Spectro¬ 
photometer,  using  a  hydrogen  discharge  lamp  for  the  source  of  ultraviolet 
radiation.  All  measurements  were  made  with  cells  1  cm.  in  depth.  A  choice 
of  cells  varying  in  depth  would  have  provided  a  broader  range  of  study,  but 
these  were  not  available  for  this  study.  Distilled  water  was  used  throughout. 
The  hexane  as  purchased  on  the  market  was  unsuitable  due  to  the  presence 
of  unsaturated  hydrocarbons.  It  was  treated  with  fuming  sulfuric  acid  and 
allowed  to  stand  for  several  days  with  intermittent  shaking.  The  hexane 
layer  was  then  decanted  off  and  distilled.  The  middle  third  portion  was  re¬ 
distilled  and  a  middle  portion  of  the  second  distillation  used  as  solvent.  Com¬ 
parison  with  water  showed  that  it  was  essentially  transparent  to  the  radiation 
used.  The  normal  butyraldehyde  and  the  ketones  were  prepared  from  East¬ 
man  chemicals  by  distillation.  The  middle  third  of  the  second  distillation 
was  used  in  each  case.  The  benzene  and  toluene  were  redistilled  from  reagent 
grade  Baker  chemicals.  The  uracil  was  used  as  purchased  from  Swartz 
Laboratories,  Inc.  Beta  naplithol  was  used  as  purchased  due  to  the  fact  that 
some  discoloration  occurred  when  recrystallization  was  attempted.  A  water 
bath,  constant  to  one  hundredth  of  a  degree,  was  available  for  the  measure¬ 
ments  made  at  2  5°C.  Studies  which  involved  very  slightly  soluble  substances 
necessitated  large  volumes  of  solutions.  It  was  impractical  to  place  these  solu¬ 
tions  in  the  bath  and  manual  control  was  employed  for  these  solutions. 
Fortunately,  the  spectrophotometer  was  housed  in  a  basement  room  where 
sudden  temperature  fluctuations  did  not  occur. 
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Prior  to  the  concentration  studies  a  transmission  curve  was  determined 
for  each  of  the  systems  studied.  In  order  to  minimize  errors  due  to  wave 
length  settings  of  the  instrument,  a  flat  portion  of  the  transmittance  curve 
was  used  for  the  concentration  measurements.  If  a  steep  portion  of  the  trans¬ 
mittance  curve  was  used  at  any  time,  care  was  exercised  so  that  the  wave 
length  drum  of  the  instrument  was  not  reset  during  the  course  of  the 
measurements  for  that  particular  study. 

The  preparation  of  the  solutions,  particularly  the  saturated  ones,  was 
given  thorough  study.  For  example,  in  the  preparation  of  benzene  and 
toluene  solutions  in  water,  it  was  found  that  due  to  the  higher  vapor  pressure 
of  benzene  and  toluene  to  that  of  water  the  concentrated  solutions  would 
rapidly  become  more  dilute.  Attempts  to  prepare  the  solutions  by  weighing 
the  benzene  or  toluene  in  closed  weighing  bottles  and  adding  a  weighed 
amount  of  water  did  not  give  reproducible  results.  It  was  possible,  however, 
to  get  consistent  data  by  adding  a  definite  quantity  of  benzene  or  toluene  to 
a  5  liter  flask  containing  a  known  and  sufficient  quantity  of  water  to  allow 
a  minimum  of  air  space  in  the  flask  after  it  had  been  stoppered.  Thorough 
stirring  was  essential  unless  undesirable  long  periods  of  time  were  used  to 
obtain  equilibrium  conditions.  However,  for  long-chain  aldehydes  and  ke- 
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GRAPH  2 


tones  agitation  tended  to  produce  emulsions  which  broke  very  slowly.  At¬ 
tempts  to  measure  the  solubility  of  n-heptyaldehyde  failed  for  this  reason 
among  others.  For  extremely  volatile  solutes  it  was  necessary  to  check 
frequently  to  see  that  the  surface  of  the  saturated  solutions  were  covered 
with  excess  solute  while  the  solutions  were  in  preparation  and  in  the  instru¬ 
ment. 

Transmittance  curves  for  toluene  and  methyl  n-amyl  ketone  are  shown 
in  Graphs  1  and  2.  As  explained  above,  these  graphs  were  made  for  each 
system  in  order  to  choose  a  satisfactory  wave  length  for  the  subsequent  con¬ 
centration  measurements.  Concentration  curves,  also  called  calibration 
curves,  are  shown  in  Graphs  3  to  10.  Summary  data  containing  solubility 
values  for  the  systems  studied  along  with  an  estimated  accuracy  for  each 
substance  are  given  in  Table  1. 


DISCUSSION 

Solubility  data  provide  useful  information  for  practical  application  and 
for  theoretical  studies.  Although  solubility  data  of  high  precision  for  many 
systems  are  available  in  the  literature,  there  is  need  for  further  solubility 
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TABLE  I 


Solute 

Solvent 

Temperature 

Wave¬ 

length 

used 

Solubility 
in  grams  per 

100  ml.  of  solvent 

Benzene 

Water 

25  ±  0.1 

260 

0.181  ±  0.005 

Benzene 

Water 

33  ±  1.0 

255 

0.155  ±  0.008 

Toluene 

Water 

30  ±  1.0 

258 

0.058  ±  0.008 

Di-isopropyl 

ketone 

Water 

29.5  ±  0.5 

280 

0.054  ±  0.002 

Methyl  n-amyl 
ketone 

Water 

25.5  ±  0.2 

270 

0.435  ±  0.005 

Methyl  isopropyl 
ketone 

Water 

25  di  0.1 

300 

5.50  ±  0.05 

n-Butyraldehyde 

Water 

28  ±  1.0 

282 

6.4  ±  0.1 

Beta  napththol 

Hexane 

25  ±  0.05 

338 

0.61  ±:  0.01 

Beta  naphthol 

Hexane 

30  ±  0.05 

338 

0.71  ±  0.01 

Uracil 

Water 

25  ±  0.05 

259 

0.27  ±  0.02 

studies.  The  importance  of  solubility  studies  is  well  brought  out  by  a  review 
of  experimental  techniques  by  Zimmerman  (1952).  The  literature  is  still 
incomplete  and  some  of  the  older  data  need  revision. 

The  use  of  ultraviolet  absorption  spectrophotometry  to  determine  con¬ 
centration,  and  in  some  instances  the  limiting  concentration  or  solubility, 
is  not  new  in  this  paper,  but  its  application,  specifically,  to  the  determination 
of  solubilities,  is  of  recent  development  and  has  not  been  extensively  de¬ 
veloped.  The  reliability  of  the  method  appears  satisfactory.  Support  for  this 
statement  is  apparent  in  an  examination  of  the  solubility  data  for  benzene 
and  toluene  in  water.  The  solubility  of  benzene  in  water  at  3  3°C.  is  shown  in 
Graph  3  to  be  0.15  5  grams  per  100  ml.  Table  1  gives  the  value  0,181  at 
2  5°C,  The  International  Critical  Tables  give  0.15  for  the  solubility  of 
benzene  in  water  at  2  5°C.  Seidell  (1949),  from  the  works  of  Hill  (1922), 
Barbaudy  (1926),  Uspenskii  (1929),  and  Gross  and  Saylor  (1931)  obtained 
a  value  at  2  5°C  of  0.180.  Herz  (1898),  however,  reports  a  solubility  value 
at  22°C.  as  low  as  0.08,  and  Moore  and  Roaf  (1905)  give  0.15  at  15°C. 
While  the  work  of  this  paper  was  in  progress,  Andrews  and  Keefer  (1949) 
reported  a  value  of  0.174  at  2  5°C.,  and  Bohon  and  Claussen  (1951)  at  the 
same  temperature  reported  0.179.  The  last  two  values  were  determined  by 
ultraviolet  spectrophotometry.  It  is  of  interest  that  the  1951  edition  of 
The  Handbook  of  Physics  and  Chemistry  gives  0.082  for  the  solubility  of 
benzene  at  22°C.  This  appears  to  be  considerably  low  in  the  light  of  recent 
data. 

The  solubility  of  toluene  in  water  by  this  investigation  is  0.058  at 
30°C.  Fuhner  (1924)  obtained  0.057  at  16°C.  Horiba  (1917)  obtained 
0.063  at  approximately  2  5°C.  Uspenskii  (1929)  found  the  solubility  at 
2  5°C.  to  be  0.0429.  Gross  and  Saylor  (1931),  using  an  interferometer 
method,  secured  a  value  of  0.0  57  at  30°C,  The  more  recent  work  of  An¬ 
drews  and  Keefer  (1949)  reports  0.0  5  3  at  2  5°C.  and  Bohon  and  Claussen 
at  the  same  temperature  obtain  0.0627. 

Solubility  determinations  by  the  method  employed  in  this  paper  is 
subject  to  the  usual  errors  involved  in  gravimetric  and  volumetric  handling 
of  solutions,  and  to  the  errors  inherent  in  the  method.  Deviation  from  the 
Beer-Lambert  law  is  the  chief  inherent  source  of  error  for  those  solutions 
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GRAPH  7 


whose  absorbance  is  so  high  that  the  saturated  solution  must  be  diluted  in 
order  to  secure  an  accurate  reading  of  the  spectrophotometer.  Benzene  is  more 
soluble  than  toluene,  and  the  absorbance  of  a  saturated  solution  of  benzene 
is  sufficiently  high  so  that  the  saturated  solution  should  be  diluted  for  exami¬ 
nation  in  the  instrument. 
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Normal  butyraldehyde  is  illustrative  of  a  substance  whose  saturated 
solution  must  be  diluted  for  measurement.  A  linear  relation  between  the 
measured  range  and  the  value  of  the  saturated  solution  is  assumed.  Agree¬ 
ment  between  solubility  values  of  different  dilution  ratios  gives  justification 
to  the  extrapolation  (Table  2). 


TABLE  2  A 


Concentration  of  known  solution 
grams/ 100  ml. 

Absorbance 

0.0777 

0.137 

0.1146 

0.199 

0.3691 

0.661 

0.7659 

1.344 

0.7769 

1.34 

0.9240 

1.61 

1.1458 

1.91 

1.1567 

1.91 

1.2582 

2.06 

1.5098 

2.32 

1.5318 

2.32 

TABLE  2B 

Concentration  of  Diluted 
Saturated  Solution  as 

Read  from  Graph  8 

Dilution  Factor 

Calculated  Concentration 
of  Saturated  Solution 
Grams  per  100  ml. 

0.310 

20 

6.20 

0.495 

13 

6.44 

0.585 

11 

6.44 

0.635 

10 

6.35 

0.655 

10 

6.55 

0.995 

6.67 

6.37 

Average 

6.39 

Graph  3  of  di-isobutyl  ketone  illustrates  the  extent  of  errors  arising 
from  most  sources.  Di-isobutyl  ketone  is  examined  because  there  is  consider¬ 
able  scattering  of  values  on  the  concentration  curve.  The  scattering  gives 
some  doubt  as  to  the  actual  slope  of  the  curve.  A  smaller  slope  would  give 
higher  solubility  values  and  vice  versa.  Experimentally  adjusting  the  slope  of 
the  curve  one  way  and  then  the  other  indicates  that  the  error  arising  from 
this  source  would  not  likely  exceed  2  per  cent.  The  horizontal  lines  for  the 
saturated  level  at  absorbance  of  0.129,  0.132,  and  0.13  8  correspond  to  the 
smallest,  the  average,  and  the  highest  values  for  a  series  of  saturated  solu¬ 
tions.  The  absorbance  range  from  0.129  to  0.13  8  is  equivalent  to  a  solu¬ 
bility  range  of  0.052  to  0.059.  The  probability  of  the  true  solubility  being 
near  either  of  the  extremes  is  small. 
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The  data  for  n-butyraldehyde  and  methyl  isopropyl  ketone  are  illus¬ 
trative  of  the  need  for  greater  cell  depths.  The  use  of  5  cm.  cells  rather 
than  the  1  cm.  cells  would  have  brought  the  absorbance  readings  into  a 
more  accurate  range  of  the  scale. 


SUMMARY 

Solubility  data  in  the  literature  are  extensive  but  still  incomplete  and 
sometimes  of  dubious  validity.  Ultraviolet  spectrophotometry  provides  an 
additional  tool  for  solubility  measurements  which  is  clearly  suitable  for  a 
large  number  of  liquid  systems.  The  method  is  illustrated  by  the  systems, 
naphthol  in  hexane,  and  by  an  aldehyde,  three  ketones,  two  aromatic  hydro¬ 
carbons  and  a  pyrimidine  derivative  in  water, 
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ANHYDROUS  AMMONIA  STUDIES  ON  MEDIUM 
TEXTURED  SOILS  IN  WEST  TEXAS 

JACK  BOND  AND  A.  W.  YOUNG 
Texas  Technological  College 

INTRODUCTION 

The  conservation  of  our  soil  is  of  utmost  importance  to  every  American 
citizen.  The  plant  nutrients  of  soils  are  removed  in  large  quantities  each 
year  by  wind  and  water  erosion  and  by  removal  through  crops.  Nitrogen  is 
often  one  of  the  first  plant  nutrients  to  become  a  limiting  factor  in  crop 
production.  When  nitrogen  is  depleted  from  the  soil  it  must  be  replaced  from 
some  source;  whether  it  be  by  symbiotic  nitrogen  fixation  with  legumes,  by 
non-symbiotic  nitrogen  fixation  with  the  help  of  crop  residues,  by  nitrogen 
additions  in  some  form  such  as  barnyard  manure,  or  by  the  addition  of 
inorganic  commercial  nitrogen  fertilizers. 

The  addition  of  commercial  nitrogen  fertilizers  is  often  the  most  eco¬ 
nomical  method  to  replenish  the  nitrogen  supply  of  the  soil.  Anhydrous  am¬ 
monia  is  one  of  the  raw  materials  used  to  produce  most  of  the  commercial 
nitrogen  fertilizers.  When  it  is  combined  with  other  materials,  the  cost  of 
producing  a  unit  of  nitrogen  fertilizer  is  increased.  If  anhydrous  ammonia 
can  be  successfully  applied  to  soils  and  become  a  satisfactory  source  of  nitro¬ 
gen  for  crop  growth,  then  the  cost  of  each  pound  of  nitrogen  sold  to  the 
farmer  will  be  considerably  less. 

Anhydrous  ammonia  is  the  most  concentrated  source  of  nitrogen  ferti¬ 
lizer  manufactured  and  contains  an  average  of  82%  nitrogen.  The  compound 
is  a  gas  at  ordinary  temperatures  and  is  liquefied  under  pressure  and  stored 
in  pressurized  steel  tanks.  It  can  be  easily  applied  to  the  soil  either  by  dissolv¬ 
ing  in  irrigation  water  or  by  direct  application  with  tractor-drawn  injectors. 

As  a  result  of  the  last  World  War,  extensive  facilities  were  constructed 
for  producing  anhydrous  ammonia.  After  the  war,  most  of  the  facilities  were 
sold  to  commercial  concerns  who  are  now  producing  anhydrous  ammonia  for 
agricultural  use. 

The  use  of  anhydrous  ammonia  as  a  nitrogenous  fertilizer  in  Texas  has 
expanded  rapidly  in  recent  years.  Reports  from  the  State  Chemist  show  that 
from  January  1  to  June  30,  1952,  10,78  5  tons  of  anhydrous  ammonia  were 
sold  in  Texas;  while  1,888  tons  of  this  total  amount  was  sold  on  the  South 
Plains  of  Texas.  For  1952,  total  sale  of  anhydrous  ammonia  was  almost  three 
(2.77)  times  that  of  the  same  period  of  1951. 

AMMONIA  RETENTION  BY  SOILS 

Ammonia  injected  into  the  soil  in  the  gaseous  state  is  held  in  the  soil 
by  both  physical  and  chemical  forces.  In  moist  soils,  the  positively  charged 
ammonium  ions  are  held  tightly  by  negatively  charged  colloidal  clay  par¬ 
ticles.  In  dry  soils,  the  ammonia  is  held  loosely  by  physical  forces  sealing  the 
ammonia  in  the  soil.  Ammonia  applied  to  dry  soils  is  more  apt  to  be  lost  into 
the  air.  Therefore,  for  maximum  ammonia  retention,  the  soil  should  be  of 
good  tilth,  contain  some  moisture,  and  have  a  high  exchange-capacity. 
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It  is  expensive  to  store  anhydrous  ammonia  in  pressurized  steel  tanks 
during  the  fall  and  winter  months  for  the  usual  spring  applications.  Infor¬ 
mation  is  needed  in  order  to  know  whether  or  not  anhydrous  ammonia  ap¬ 
plied  to  the  soil  in  the  fall  and  winter  will  be  in  the  soil  the  following  spring 
when  crops  are  planted. 

Research  has  been  conducted  by  the  Agronomy  Department  of  Texas 
Technological  College  to  determine  the  loss  (if  any)  of  ammonia  that  is 
applied  directly  to  the  soil  in  the  gaseous  state.  Tests  for  total  nitrogen  made 
one  week  after  treatment  on  fertilized  plots  show  that  the  total  nitrogen 
content  of  the  soil  can  be  increased  by  ammonia  application  and  that  the 
increase  is  proportional  to  the  amount  of  ammonia  applied.  Tests  for  total 
nitrogen  on  ammonia  treated  plots  calculated  as  total  pounds  of  nitrogen 
per  acre  of  surface  soil  show  the  following  results:  with  no  ammonia  added, 
the  soil  contained  1098  pounds  of  nitrogen  per  acre;  with  60  pounds  of 
nitrogen  per  acre  added,  the  soil  contained  1264  pounds  total  nitrogen;  with 
120  pounds  added,  1412  pounds  total  nitrogen;  and  with  180  pounds  nitro¬ 
gen  aded,  the  soil  contained  1492  pounds  of  total  nitrogen.  Tests  made  on 
the  soil  after  periods  of  3  and  6  weeks  show  that  the  total  nitrogen  content 
of  the  treated  plots  has  not  lowered  appreciably.  These  tests  indicate  that 
when  ammonia  is  applied  in  the  gaseous  state  to  soils  of  proper  tilth  and  at 
rates  common  in  field  practice,  there  will  be  no  appreciable  loss  of  ammonia 
by  volatization. 


AMMONIA  CONVERSION 

The  ammonia  form  of  nitrogen  can  be  utilized  to  a  limited  extent  by 
young  plants  but  not  by  older  plants.  Nitrogen  is  absorbed  by  plants  pri¬ 
marily  as  nitrates.  Therefore,  ammonia  applied  to  the  soil  must  be  microbially 
converted  to  the  nitrate  form  before  it  can  be  utilized  by  plants. 

Tests  for  nitrate  and  ammonia  nitrogen  made  at  two  intervals  after 
treatment  with  anhydrous  ammonia  indicate  that  over  a  period  of  time 
ammonia  nitrogen  decreases  and  nitrate  nitrogen  increases.  Tests  for  available 
ammonia  and  nitrate  nitrogen  made  on  a  plot  receiving  180  lb.  nitrogen  per 
acre  as  anhydrous  ammonia  and  sampled  3  and  24  days  after  treatment 
showed  that  ammonia  decreased  from  5  0  ppm  to  1 5  ppm  while  nitrates  in¬ 
creased  from  2  5  ppm  to  50  ppm.  The  results  indicate  that  considerable  con¬ 
version  of  the  ammonia  to  nitrates  will  occur  within  three  weeks  after 
treatment. 

MOVEMENT  OF  AMMONIA  IN  SOILS 

Information  is  needed  to  determine  where  ammonia  is  held  in  the  soil 
when  it  is  applied  either  in  irrigation  water  or  is  injected  directly  into  the 
soil.  When  ammonia  is  injected  directly  into  the  soil,  it  is  normally  released 
4  to  6  inches  below  the  soil  surface.  Colorimetric  tests  of  a  cross  section  of 
the  soil  made  three  days  after  application  showed  that  when  injected  into  the 
soil  the  ammonia  was  absorbed  within  3  o  6  inches  in  each  direction  from  the 
point  of  application.  The  amount  of  spreading  depended  largely  upon  the  rate 
of  ammonia  applied.  Other  tests  on  soil  receiving  ammonia  in  irrigation  water 
showed  that  the  majority  of  the  ammonia  applied  was  held  within  the  upper 
2  inches  of  soil, 

These  tests  indicate  that  machine  injection  of  ammonia  into  the  soil  has 
a  definite  advantage  over  placement  in  water  because  ammonia  applied  in 
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irrigation  water  is  held  close  to  the  surface  and  may  be  easily  volatilized. 
Also  most  of  it  will  be  held  in  the  soil  above  the  root  zone  of  plants. 

EFFECT  OF  AMMONIA  ON  SEED  GERMINATION 

Anhydrous  ammonia  applied  directly  to  the  soil  and  placed  too  near 
where  the  crop  seed  are  to  be  planted  may  have  a  detrimental  effect  on 
seed  germination.  The  amount  of  reduction  in  germination  depends  upon 
several  factors,  namely:  (1)  the  length  of  time  between  fertilizer  applica¬ 
tion  and  seed  planting;  (2)  the  moisture  content  of  the  soil;  (3)  the  dis¬ 
tance  between  the  seed  and  fertilizer;  and  (4)  the  amount  of  fertilizer 
applied. 

If  anhydrous  ammonia  is  applied  shortly  before  the  planting  of  seed, 
very  little  conversion  of  ammonia  to  the  non-toxic  nitrate  form  will  have 
taken  place.  Consequently,  the  detrimental  effect  of  ammonia  on  seed 
germination  will  be  greater.  If  the  moisture  content  on  the  soil  is  low,  the 
conversion  of  ammonia  to  nitrates  will  be  inhibited.  If  ammonia  is  applied 
far  enough  from  the  seed,  it  will  not  affect  germination. 

When  anhydrous  ammonia  is  applied  directly  to  the  soil  before  planting 
it  may  be  placed  either  below  or  to  the  side  of  the  seed  that  are  to  be 
planted.  In  field  experiments  this  year,  the  bands  of  anhydrous  ammonia 
were  placed  so  that  they  would  be  4  to  6  inches  below  the  seed.  Unfortu¬ 
nately,  it  was  necessary  to  plant  twice  because  of  soil  crusting  due  to  a 
shower.  The  second  planting  was  done  in  the  same  rows  and  consequently 
the  seed  were  placed  in  direct  contact  with  the  fertilizer  bands.  When 
anhydrous  ammonia  was  applied  as  a  pre-planting  application  to  cotton,  the 
plant  stand  as  compared  to  the  check  plots  was  41%;  with  40  lb.  nitrogen, 
36%;  with  60  lb.  nitrogen,  20%  and  with  80  lb.  nitrogen  24%.  Similar 
results  were  found  with  grain  sorghums. 

Similar  results  have  been  found  by  the  Mississippi  Station  in  which  a 
rate  of  150  pounds  of  nitrogen  per  acre  applied  to  cotton  caused  a  reduc¬ 
tion  in  stand  of  36%.  The  Mississippi  Station  recommends  that  applicators 
be  set  so  that  ammonia  is  applied  6  to  7  inches  from  the  center  of  the  row. 

In  these  experiments,  no  appreciable  reduction  in  stand  was  noted  when 
ammonia  was  applied  in  irrigation  water. 

CROP  RESPONSE  TO  ANHYDROUS  AMMONIA 

Field  experiments  have  been  conducted  this  year  with  anhydrous 
ammonia  applied  by  different  methods,  times,  and  rates  of  application  on 
both  cotton  and  sorghums.  Anhydrous  ammonia  was  applied  in  irrigation 
water,  and  injected  directly  into  the  soil  before  and  after  planting.  The 
rates  of  nitrogen  used  ranged  from  20  to  80  pounds  of  nitrogen  per  acre. 

Unfortunately  this  has  been  a  dry  year  on  the  South  Plains  and  the 
amount  of  irrigation  water  available  for  field  experiments  was  limited.  This 
lack  of  moisture  together  with  the  detrimental  effect  of  ammonia  on  seed 
germination  resulted  in  no  consistent  increase  in  yield  due  to  fertilizing.  In 
fact,  results  for  both  cotton  and  grain  sorghums  show  a  consistent  decrease 
in  yield  proportional  to  the  amount  of  nitrogen  applied.  This  reduction  in 
yield  was  caused  primarily  by  a  poor  stand  of  plants. 

Other  experiments  have  shown  good  response  to  fertilizing  with  anhy¬ 
drous  ammonia.  Some  of  the  more  promising  results  have  been  found  in 
California,  Arizona,  Kansas,  Nebraska,  Indiana,  Mississippi,  and  Texas. 
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SUMMARY 

L  No  detectable  amounts  of  nitrogen  were  lost  from  soils  receiving  appli¬ 
cations  of  60,  120,  and  180  pounds  of  nitrogen  per  acre  as  anhydrous 
ammonia. 

2.  Anhydrous  ammonia  applied  to  the  soil  is  readily  changed  to  the  nitrates 
form  under  favorable  conditions  of  moisture  and  temperature.  This  con¬ 
version  is  very  pronounced  within  three  weeks  after  treatment. 

3.  Anhydrous  ammonia  injected  into  the  soil  will  penetrate  the  soil  from 
3  to  6  inches  in  all  directions  from  the  point  of  application. 

4.  Anhydrous  ammonia  applied  in  irrigation  water  will  be  held  mostly  in 
the  upper  two  inches  of  soil  where  few  plants  roots  normally  occur, 

5.  Anhydrous  ammonia  will  decrease  the  germination  of  both  cotton  and 
sorghums  if  placed  in  the  soil  shortly  before  planting  at  a  distance  of 
less  than  6  inches  from  the  seed. 

6.  If  anhydrous  ammonia  is  applied  far  enough  in  advance  of  planting, 
the  microbial  conversion  of  ammonia  to  nitrate  will  greatly  reduce  its 
harmful  effects  on  seed  germination. 

7.  No  significant  increases  in  yield  of  grain  sorghums  or  cotton  were  found 
where  anhydrous  ammonia  was  injected  directly  into  the  soil  and  ap¬ 
plied  in  irrigation  water  before  planting  and  when  applied  as  a  side 
dressing.  The  lack  of  crop  response  was  primarily  due  to  decreased  seed 
germination. 
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COMPOSITION  AND  UTILIZATION  OF  FORAGE  IN  A 
PINE-HARDWOOD  FOREST  AREA  OF  EAST  TEXAS 


C.  A.  McLEOD 

Sam  Houston  State  Teachers  College 

The  Coastal  Plains  Forest  area  includes  some  100  million  acres  which 
contribute  substantially  to  the  support  of  approximately  12  million  head 
of  livestock,  7.5  million  of  which  are  cattle.  In  East  Texas,  forest  stands 
comprised  of  loblolly  pine  and  its  associates  dominate  5,000,000  acres,  and 
according  to  the  1945  Texas  census,  contribute  to  the  support  of  700,000 
cattle. 

Considerable  forest  range  research  has  been  accomplished  in  the  long- 
leaf  pine  types  of  the  Southeast  during  recent  years,  but  little  has  been  ini¬ 
tiated  in  the  loblolly-shortleaf  pine-hardwood  types.  The  longleaf  pine  types, 
because  of  the  open  nature  of  the  more  pure  stands,  created  in  part  by  inter¬ 
mittent  use  of  fire,  produce  a  far  greater  volume  of  forage.  Nevertheless 
the  loblolly-shortleaf  pine-hardwood  types,  throughout  their  extent,  are 
relied  upon  by  cattlemen  for  a  portion  of  the  sustenance  of  livestock,  espe¬ 
cially  cattle. 

East  Texas  has  long  been  considered  a  timber  producing  area,  the  pine 
and  hardwood  belt  being  first  in  importance  in  timber  production  in  the 
state,  occupying  over  11  million  acres,  or  57  per  cent  of  the  land  area  of 
the  East  Texas  forest  region.  The  longleaf  pine  type,  loblolly-shortleaf  pine 
type,  and  the  shortleaf  pine-hardwood  type  are  of  the  greatest  consequence 
commercially.  With  the  rapid  increase  of  livestock  population  throughout 
the  Southeast,  cattle  production  in  the  East  Texas  forest  belt  has  been  in¬ 
tensified.  The  cut-over  forest  lands  produce  considerable  forage  for  grazing 
and  browsing  of  livestock,  particularly  cattle.  Profitable  management  of 
cattle  grazing  in  conjunction  with  timber  production  on  these  forest  areas 
of  East  Texas  requires  a  knowledge  of  the  native  plants  grazed  as  well  as 
the  occurrence,  relative  abundance,  and  productivity  of  these  plants.  A 
knowledge  of  the  extent  and  time  of  grazing  and  the  nutritive  values  of 
the  major  species  under  various  conditions  is  also  of  value  to  the  producer. 
Proper  correlations  of  forest  grazing  with  improved  permanent  pastures, 
and  with  timber  production,  are  essential  to  more  profitable  management 
of  the  East  Texas  timber  region. 

In  order  to  contribute  to  the  solution  of  this  problem,  a  study  was 
initiated  during  the  winter  of  1949-50  in  an  average  or  forest  type  of  the 
East  Texas  loblolly-shortleaf  pine-hardwood  belt.  The  objectives  of  this 
study  were  threefold;  first,  to  secure  quantitative  data  on  forage  consumed 
by  cattle  on  cut-over  forest  areas  of  the  region;  second,  to  determine  as 
nearly  as  possible  the  occurrence,  relative  abundance,  and  productivity  of 
these  plants;  and  third,  to  determine  the  extent  and  time  of  grazing  and 
browsing  of  the  major  species  by  range  cattle  throughout  the  various  seasons 
of  the  year. 

It  is  logical  that  more  accurate  information  on  the  grazing  value  of 
native  forage  plants  is  the  basis  for  improved  management  and  cattle  pro¬ 
duction  on  Southern  forest  ranges. 
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Studies  conducted  by  Biswell  and  Foster  (1942)  on  forest  lands  of  the 
Coastal  Plains  of  North  Carolina  showed  that  these  types  furnished  29 
per  cent  of  the  year  long  sustenance  for  beef  cattle.  Biswell  and  coworkers 
(1942)  obtained  similar  results  in  a  survey  conducted  on  the  Coastal  Plain 
of  Georgia.  Surveys  in  Louisiana  by  Campbell  and  Rhodes  (1944)  showed 
that  forest  range  was  relied  upon  for  65  and  69  per  cent,  respectively,  of 
the  year  long  sustenance  for  beef  cattle.  Cattlemen  in  the  loblolly  pine- 
hardwood  type  of  Georgia  relied  upon  native  range  for  41  per  cent  of  the 
year-long  sustenance,  while  the  corresponding  figure  for  Louisiana  was  54 
per  cent  on  similar  forest  types. 

Studies  in  Louisiana  by  the  U.  S,  Forest  Service  (1946)  indicated  that 
the  quantity  of  forage  produced  in  the  shortleaf -loblolly  pine-hardwood 
type  was  less  than  that  produced  in  any  other  forest  type  in  the  state. 
These  studies  revealed  that  53  per  cent  of  the  forage  produced  in  the  short- 
leaf-loblolly  pine-hardwood  type  was  composed  of  grass  species,  while  the 
comparable  figure  for  the  longleaf  pine  type  was  94  per  cent. 

Studies  at  McNeill,  Mississippi,  by  Wahlenberg  and  coworkers  (1949), 
showed  that  annual  winter  burning  maintained  more  favorable  composition, 
quality,  and  quantity  of  forage  than  did  exclusion  of  fires.  More  recent 
studies  at  the  McNeill  Experiment  Forest  in  Pearl  River  County  (1949) 
indicated  that  timber  stand  density  was  the  most  important  factor  affect¬ 
ing  the  amount  of  grass  produced  in  the  forest.  Similar  results  were  ob¬ 
tained  by  Rhodes  (1949)  in  a  study  of  a  pine-hardwood  type  in  eastern 
Texas.  The  production  of  herbaceous  vegetation,  generally,  was  correlated 
with  the  density  and  kind  of  overstudy,  or  canopy. 

These  studies  clearly  indicate  the  need  for  improved  grazing  and  live¬ 
stock  management  practices  in  order  to  obtain  the  maximum  benefit  from 
forest  range  utilization  in  conjunction  with  timber  production. 

DESCRIPTION  OF  AREA  STUDIED 

This  study  was  made  in  Angelina  County  in  a  loblolly-shortleaf  pine- 
hardwood  association,  on  Southern  Pine  Lumber  Company  holdings.  A  large 
part  of  the  general  area  is  available  for  year  around  grazing,  and  has  been 
since  cattle  were  first  introduced  into  the  region.  No  forest  fires  had  oc¬ 
curred  during  the  last  fourteen  years  on  the  study  area.  The  area  had  been 
moderately  logged  twice,  in  1909  and  in  193  6. 

Soils  of  the  area  are  mostly  light  colored,  sandy  top  soils,  which  are 
generally  loose,  more  or  less  acid  in  reaction  and  low  in  organic  matter. 
The  subsoils  are  mostly  yellow  to  reddish  clays  and  range  in  consistency 
from  friable  to  very  dense  and  tough. 

The  general  topography  of  the  area  is  that  of  a  low,  rolling  terrain, 
drained  by  small  creeks,  which  empty  into  the  Neches  and  Angelina  Rivers. 
The  elevation  is  approximately  2  80  feet.  The  mean  annual  rainfall  for  the 
area  is  approximately  5  2  inches. 


METHODS 

A  loblolly-shortleaf  pine-hardwood  association  was  chosen  for  study 
because  it  was  felt  that  this  represented  a  typical  cross-section  of  a  large 
percentage  of  the  East  Texas  forest  area.  F’ive  sites  were  chosen  which 
would  afford  studies  of  open,  intermediate,  and  heavily  timbered  siuations. 
Tree  density  in  basal  area  was  tabulated  on  the  sites  selected.  This  was  an 
index  to  crown  mosaic. 
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During  the  month  of  January,  five  one-fourth  acre  plots  were  selected 
over  an  area  of  approximately  10  acres.  In  order  to  get  a  cross  section  study 
of  average  forest  range  composition,  each  quarter-acre,  unfenced  plot  was 
located  on  typically  open,  intermediate,  and  densely  timbered  areas.  One 
two-acre  plot  was  fenced  as  a  check,  as  a  source  for  clipping  of  plants  com¬ 
parable  to  those  that  were  grazed  and  browsed  on  the  unfenced  plots. 

Herbaceotis  plants:  Two  procedures  were  used  in  quantitative  studies, 
one  for  herbaceous  plants  and  the  other  for  woody  or  browse  plants.  Five 
half-mil-acre  plots  were  staked  on  each  quarter-acre  plot  open  to  grazing. 
These  smaller  plots  were  staked  to  obtain  quantitative  data  for  average 
vegetational  composition  and  distribution.  Corresponding  plots  of  the  same 
size  and  of  similar  vegetational  composition  were  staked  on  the  two-acre 
check  plot,  which  was  fenced  against  livestock.  Observations  were  made 
of  the  species  of  plants  grazed  on  the  one-half -mil-acre  plots.  The  amounts 
grazed  from  each  species  were  measured.  Corresponding  amounts  were  clipped 
from  each  of  these  species  on  the  one-half -mil-acre  check  plots,  and  the 
clippings  were  then  air-dried  and  weighed.  Four  clippings  were  made  at  45 
day  intervals  during  the  spring,  summer,  and  fall. 

Browse  plants:  In  determining  the  abundance  and  distribution  of 
browse  plants,  and  the  amounts  of  each  species  taken  during  each  season, 
the  data  were  based  upon  selected  plants  rather  than  plots.  The  average¬ 
sized  plants  of  each  major  browse  species  on  each  of  the  five  quarter-acre 
plots  were  tagged.  These  same  plants  were  observed  throughout  the  spring, 
summer  and  fall.  Each  time  the  marked  plants  were  browsed,  they  were 
dated.  Two  plants  of  the  same  species  and  approximate  size  were  located 
and  tagged  on  the  fenced  check  areas.  These  plants  were  clipped  at  regular 
intervals  to  the  approximate  degree  that  each  was  browsed  on  the  open 
plots.  The  clipped  forage  was  then  air  dried  and  weighed. 

The  abundance  and  distribution  of  each  species  browsed  was  determined 
by  mapping  an  area  of  2  500  square  feet  on  each  quarter-acre  plot.  The  de¬ 
gree  of  distribution  of  the  respective  species  of  browse  plants  on  the  five 
quarter-acre  plots,  and  per  acre  throughout  the  forest,  was  calculated  from 
the  counts  made  on  the  five  2  500-square-foot  sample  areas. 

RESULTS 

Production  of  Herbaceous  Forage.  According  to  clipping  records,  her¬ 
baceous  vegetation  taken  by  cattle  in  grazing  throughout  the  forest  area 
amounted  to  79.07  pounds  per  acre.  Three  species  of  grasses,  beaked  panic 
(Panicum  ancepts)  ^  carpet  grass  {Axonopus  af finis),  and  spike  grass 
[Uniola  sessiliflora)  supplied  93.06%  of  this  amount.  Species  of  Paspalum, 
basal  leaved  panics,  bermuda  grass  {Cynodon  dactylon)  ^  and  sandy  land 
stipa  (Stipa  avenacea)  furnished  practically  all  of  the  remainder. 

The  highest  yields  of  the  more  desirable  grasses  were  grazed  from  open- 
site  plots,  with  basal  areas  averaging  approximately  30  square  feet.  Sites 
of  this  type  are  found  on  the  more  moist  areas,  where  the  larger  openings 
support  carpet  and  bermuda  grasses.  These  areas  are  particularly  valuable  for 
summer  grazing. 

Sites,  intermediate  between  the  open  and  the  densely  timbered  types, 
averaging  approximately  64  square  feet  in  basal  area,  furnished  a  wider 
variety  of  grass  species,  and  better  seasonal  distribution  of  species  for  graz¬ 
ing,  than  either  of  the  other  types.  Beaked  panic  and  spike  grass  supplied 
some  winter  forage,  as  both  remained  partially  green  during  the  winter 
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months.  Small  areas  o£  carpet  and  Bermuda  grass  furnished  limited  amounts 
of  forage  for  summer  grazing.  Beaked  panic  and  spike  grass,  however,  pro¬ 
duced  the  largest  per  cent  of  the  forage  on  these  sites.  The  sites  of  the  inter¬ 
mediate  type  produced  slightly  less  herbaceous  forage  than  the  open  sites. 

Densely  timbered  sites,  averaging  105  square  feet,  basal  area,  produced 
more  spike  grass  than  either  of  the  open  or  intermediate  types.  This  grass 
is  considered  as  fair  quality  forage  by  cattlemen  of  this  area.  Excepting 
certain  basal  leaved  panics,  spike  grass  is  the  most  shade  tolerant  species  of 
the  upland  woods  grasses.  It  is  well  adapted  to  the  drier,  shortleaf -hardwood 
associations.  This  species,  with  less  frequently  occurring  sandy  land  stipa, 
supplied  some  winter  forage  on  the  heavily  timbered  sites.  Spike  grass  also 
consistently  supplies  forage  throughout  the  spring  and  summer.  The  basal 
leaved  panics  are  of  inferior  quality  and  supply  little  forage  at  any  season. 
Densely  timbered  sites  may  be  regarded  as  the  poorest  of  the  three  types 
studied  from  the  standpoint  of  herbaceous  forage  production. 

Production  of  Browse  Forage.  The  amount  of  browse  forage  taken  by 
cattle  was  considerably  less  than  that  of  herbaceous  forage;  according  to 
clipping  data,  it  amounted  to  21.07  pounds  per  acre.  Approximately  ninety 
per  cent  was  taken  during  the  early  spring,  little  being  taken  after  May 
15.  Yaupon  {Ilex  vomiioTM) ,  an  evergreen  species,  was  browsed  during  the 
late  winter,  and  the  fruiting  branches  of  French  mulberry  {CalUcarpa 
americana)  were  taken  during  the  fall  months. 

Browsing  records  indicate  that  open-type  sites  produced  more  avail¬ 
able  and  desirable  browse  than  either  of  the  other  two  types,  in  spite  of 
the  fact  that  fewer  species  occur  in  open  sites.  Most  woody  plants  in  the 
open  areas  present  an  aspect  that  renders  them  more  available  for  browsing. 
The  plants  are  usually  larger  and  offer  more  twig  tips  to  feeding  animals. 
The  principal  desirable  browse  plants  occurring  on  open  sites  are  hawthorn 
{Crataegus  spp.),  French  mulberry,  smilax  {Smilax  bona-nox)  ^  water  oak 
{Quercus  nigra)  ^  and  dewberry  {Rubus  trivialis) . 

Intermediate  types  closely  paralleled  the  open  types  in  amount  of 
browse  taken  by  cattle.  Flere  is  found  a  wider  variety  of  browse  offering, 
but  the  plants  are  usually  smaller  because  of  competition  with  other  woody 
species.  French  mulberry,  hawthorn,  winged  elm  {Uhmis  alata)  ^  sweet  gum 
{Liquidambar  styraciflua)  ^  and  supple-jack  {Berchemia  scandens)  ^  supplied 
the  bulk  of  woody  browse  taken  by  cattle  in  this  type  of  forest. 

The  densely  timbered  sites  produced  less  desirable  browse  material  than 
the  above  two  types.  French  mulberry,  small  hackberry  plants  {Celtis 
laevigata)^  winged  elm,  sweet  gum,  and  tree  huckleberry  {Yaccinmm 
arbor eiim)  supplied  the  principal  browse  taken  here.  Cattle  seem  inclined 
to  partake  less  of  the  smaller,  less  spreading  plants  in  the  denser,  more  pure 
pine  stands.  This  type  was  of  greatest  value  during  very  early  spring,  at 
which  time  the  grazing  of  overwintering  spike  and  stipa  grasses  was  alter¬ 
nated  with  browsing  of  the  budding  twigs  of  woody  species. 

SUMMARY 

Intermediate  sites,  or  the  semi-open  types,  furnished  slightly  less  total 
forage  than  the  open  sites.  Beaked  panic  and  spike  grasses  produced  the 
bulk  of  herbaceous  forage  on  these  sites,  French  mulberry  and  sweet  gum 
furnished  the  bulk  of  browse  material  utilized  by  cattle  on  these  semi-open 
sites. 
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Densely  timbered  areas  produced  less  herbaceous  and  woody  forage  than 
either  of  the  other  two  types.  Spike  grass  contributed  a  greater  percentage 
of  the  herbaceous  forage  here.  Smaller  plants  of  woody  species  contributed 
little  desirable  material  for  cattle  browsing  in  the  heavily  timbered  type 

of  forest. 

According  .to  clipping  records,  cattle  grazed  on  an  average,  through¬ 
out  the  forest,  79.07  pounds  of  grass  (air-dried  weight)  per  acre,  and  21.07 
pounds  of  woody  plant  material.  This  browse  was  taken,  to  a  large  degree, 
during  the  early  spring.  Herbaceous  material  furnished  grazing  during  the 
spring,  summer,  and  fall  seasons. 

It  is  evident  that  cattle  ranging  in  woodlands  show  a  tendency  toward 
selective  browsing  and  grazing  of  certain  plants  which  are  available 
throughout  the  forest.  Certain  other  plants,  though  available,  may  be  com¬ 
pletely  rejected.  This  indicates  that  cattle  discriminate  in  choosing  their 
diet  if  sufficient  forage  is  available. 
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The  preceding  issue  of  THE  TEXAS  JOURNAL  OF  SCIENCE,  Vol.  V,  No. 
2,  June,  1953,  was  mailed  from  San  Marcos,  Texas,  on  June  29,  1953. 


SCIENCE  ACTIVITIES  IN  TEXAS 


The  Texas  Academy  of  Science  will  hold  its  195  3  annual  meeting  at 
The  University  of  Texas  Medical  Branch,  Galveston,  Texas,  December  3-5. 
Members  who  want  to  present  papers  at  this  meeting  should  get  in  touch 
with  the  vice  presidents  in  charge  of  the  various  sections.  These  are: 

Section  /,  Physical  Sciences:  Dale  F.  Leipper,  Department  of  Oceanog¬ 
raphy,  The  A  &  M  College  of  Texas,  College  Station. 

Section  II,  Biological  Sciences:  E.  L.  Miller,  Stephen  F.  Austin  State 
Teachers  College,  Nacogdoches. 

Section  III,  Social  Sciences:  Edith  L.  Robinson,  Texas  State  College  for 
Women,  Box  5753,  Denton,  Texas. 

Section  IV,  Earth  Sciences:  Stephen  E.  Clabaugh,  Department  of 
Geology,  The  University  of  Texas,  Austin  12. 

Section  V,  Conservation:  Robert  P.  Wagner,  Department  of  Zoology, 
The  University  of  Texas,  Austin  12. 


The  Rice  Institute  has  announced  the  appointment  of  Dr.  Carey 
Croneis  as  Provost  and  Flarry  Carothers  Wiess  Professor  of  Geology,  effec¬ 
tive  January,  1954. 

Dr.  Croneis  was  born  in  Bucyrus,  Ohio,  in  1901.  He  holds  the  degrees 
of  B.  S.  from  Denison  University,  M.  S.  from  the  University  of  Kansas, 
and  Ph.  D.  from  Harvard  University,  as  well  as  honorary  degrees  from 
Lawrence  College,  Denison  University,  and  the  Colorado  School  of  Mines. 
He  has  taught  at  the  University  of  Kansas,  the  University  of  Arkansas, 
and  the  University  of  Chicago  (1928-1944).  Since  1944  Dr.  Croneis  has 
been  president  of  Beloit  College  at  Beloit,  Wisconsin. 

As  Wiess  Professor  of  Geology  at  The  Rice  Institute,  Dr.  Croneis 
will  teach  and  do  research  in  geology,  as  well  as  organize  and  direct  the 
Department  of  Geology.  As  Provost,  he  will  assist  in  the  general  adminis¬ 
tration  of  The  Rice  Institute. 


Dr.  R.  Lee  Clark,  Jr.,  Director  of  the  M.  D.  Anderson  Hospital  for 
Cancer  Research  in  Houston,  will  visit  cancer  research  centers  in  England, 
France,  Switzerland,  and  Sweden  during  September  and  October. 


The  Texas  Petroleum  Research  Committee  announces  that  early  in 
1954  it  will  publish  the  first  detailed  estimate  ever  made  of  the  petroleum 
reserves  in  Texas.  This  committee,  created  in  1947-1948  by  joint  agreement 
between  the  Texas  Railroad  Commission,  The  A  &  M  College  of  Texas,  and 
The  University  of  Texas,  is  being  supported  by  Legislative  appropriation. 
Thus  far  it  has  received  $200,000  from  the  Texas  Legislature  for  its  re¬ 
search  program.  The  primary  objective  of  the  Texas  Petroleum  Research 
Committee  is  to  discover  new  ways  of  increasing  secondary  petroleum  re¬ 
covery.  Extensive  surveys  of  over  3,000  Texas  oil  fields  have  now  been 
completed. 
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Recent  legislation  affecting  science  in  Texas  is  included  in  a  publica¬ 
tion  just  issued  by  the  Institute  of  Public  Affairs  at  The  University  of 
Texas.  This  publication  bears  the  title,  The  Fifty-Third  Legislature:  A  Re¬ 
view  of  Its  Work,  and  its  sub-divisions  include  State  Administration,  Taxa¬ 
tion,  Public  Borrowing,  Water  Resources,  Courts  and  Court  Procedure, 
Highways,  Public  Welfare,  Education,  Veterans  and  Service  Men,  Munici¬ 
palities,  Counties,  Agriculture,  Petroleum  Industry,  Insurance,  and  Elections. 
Free  copies  may  be  obtained  upon  request. 

The  Texas  State  Highway  Commission  and  The  A  &  M  College  of 
Texas  have  announced  the  creation  of  a  highway  transportation  research 
program  for  Texas.  The  staffs  of  both  organizations  will  do  research  on  all 
phases  of  highway  activity,  including  economics,  materials,  specifications, 
design,  construction,  and  maintenance.  Thomas  H.  McDonald,  recently 
retired  head  of  the  United  States  Bureau  of  Public  Roads,  has  accepted  the 
position  of  Distinguished  Research  Engineer  at  The  A  &  M  College  of  Texas 
and  will  work  on  the  highway  research  program. 

Dr.  Francis  L.  Whisney,  who  has  taught  geology  for  forty-four  years 
at  The  University  of  Texas,  will  become  Professor  Emeritus  of  Geology 
this  fall.  Dr.  Whitney  has  been  a  pioneer  in  the  development  of  better  math¬ 
ematical  techniques  for  solving  problems  involving  oil-bearing  structures. 
He  has  worked  out  more  than  two  hundred  such  techniques,  and  he  now 
plans  to  write  a  book  on  the  mathematics  of  structural  geology.  A  book 
on  Cretaceous  fossils  of  Texas  is  also  on  his  agenda. 

Technical  and  ethical  aspects  of  careers  in  geology  will  be  the  subject 
of  a  graduate  seminar  given  by  the  Department  of  Geology  at  The  Uni¬ 
versity  of  Texas  this  fall.  This  seminar  will  be  directed  by  Edgar  W.  Owen, 
San  Antonio  geologist  and  former  president  of  the  American  Association 
of  Petroleum  Geologists.  Guest  speakers  will  include  L.  F.  McCollum,  Presi¬ 
dent  of  the  Continental  Oil  Company;  L.  T.  Barrow,  Board  Chairman  of 
the  Humble  Oil  and  Refining  Company;  E.  L.  De  Golyer,  consulting  geolo¬ 
gist  of  Dallas;  F.  H.  Lahee,  former  Chief  Geologist,  Sun  Oil  Company; 
Wallace  E.  Pratt,  retired  Vice  President  of  the  Standard  Oil  Company  of 
New  Jersey;  George  G.  Simpson  of  the  American  Museum  of  Natural  His¬ 
tory;  H.  H.  Bannerman  and  Early  Ingerson  of  the  U.  S.  Geological  Survey; 
C.  C.  Gillespie  of  Princeton  University;  and  Cary  Croneis,  President  of 
Beloit  College  and  newly-elected  Provost  of  The  Rice  Institute. 

^ 

Back  issues  of  The  Texas  Journal  of  Science  are  now  in  much  demand 
by  libraries  in  the  United  States  and  various  foreign  countries.  One  issue 
of  the  J ournal—V olume  2,  number  3,  1950-^ — has  been  out  of  print  for 
over  a  year,  and  there  are  at  least  fifteen  libraries  who  need  this  issue  to 
complete  their  files.  The  Editor  wonders  if  there  are  any  members  of  The 
Texas  Academy  of  Science  who  happen  to  have  an  extra  copy  of  this  par¬ 
ticular  issue.  It  may  be  donated  to  the  Academy  for  sale  to  a  library  (at 
$1.25);  or,  if  desired,  the  Editor  will  send  the  owner’s  name  to  a  library 
in  need  of  the  issue.  If  you  have  a  copy  of  Volume  2,  Number  3,  1950,  for 
disposal,  please  send  it  or  your  name  to  the  Editor,  Box  8012,  University 
Station,  Austin,  Texas. 
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Registered  Professional  Engineer 
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C.  H.  Broussard,  Vice  President  of 
Independent,  started  out  as  a  helper 
for  IX  ISVz  years  ago  after  attend¬ 
ing  LSU  and  Georgia  Tech.  He  has 
progressed  through  every  job  in  the 
exploration  field  including  computer, 
party  chief,  review  department  head, 
and  chief  geophysicist.  He  has  a  total 
of  17  years  experience  in  geophysical 
work. 


Experience,  Equipment  and  Modern  Techniques 
are  the  keys  to  your  Expioration  Success 


Independent  Exploration  Company  has  contributed 
generously  to  the  development  of  new  equipment  and 
modern  techniques  during  the  20  years  in  which  it  has 
served  the  oil  industry. 


Now  one  of  the  oldest  and  most  experienced  explora¬ 
tion  contractors  in  the  business,  Independent  believes 
that  experienced  Party  Chiefs  hold  a  key  to  your 
exploration  success.  Independent’s  crews  under  the  su¬ 
pervision  of  Party  Chiefs  with  an  average  of  16  years 
service,  have  served  more  than  100  important  oil 
producers. 

£^icft^e4>le4ice  yoiVi.  Gon-^UlUnce 


dllGOPOIldOllt  EXPLORATION  COMPAW 

rnt  1973  west  gray  ★  Houston,  texas 


C  M  X  u  MBE 
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Schlumberger  Well  Surveying  Corp.  •  Houston,  Texas 
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As  courtesy  to  the  Academy,  in  doing  business 
with  our  advertisers,  please  make  mention  of  the 
fact  that  you  saw  their  advertisement  in  THE 
TEXAS  JOURNAL  OF  SCIENCE. 
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5EIIMI<  EXPLORATIONS  fN<ORPORATED 


1007  SOUTH  SHEPHERD  •  HOUSTON,  TEXAS 


For  twenty-one  years,  SEI  has  specialized  in  sub-surface 
studies  of  the  domestic  oil  provinces  .  from  Canada  to 
the  Gulf.  Numerous  innovations  in  instrumentation,  inter¬ 
pretation,  and  field  technique  have  kept  SEI  in  the  fore¬ 
front.  For  example,  in  difficult  areas,  SEI  has  been  a 
pioneer  in  the  use  of  patterns  of  multiple  shot  holes  and 
geophone  arrays 

Your  exploration  program  is  in  capable  hands  at  SEI. 


your  guarantee 
of  Extra  quality 


HUMBLE  MOTOR  ¥mi  ★  Esso  Uniflo 

£sSo£jltra  GASOLINE  &  MOTOR  OIL 
ATLAS  TIRES  &  EATTEilES 


RESfEMRCH  XHilX  MEWXR  EMDUf 

We’ve  never  made  a  rock  bit  that  completely  satisfied  us . . .  and  we 
never  will,  although  we  have  made  millions  of  bits.  One  improvement 
has  invariably  led  to  others,  opening  new  frontiers  for  research  and 
progress.  As  a  result,  record  breaking  bits  of  not  too  many  years  ago 
have  become  today’s  museum  pieces. 

Through  the  years  Hughes  Tool  Company’s  expenditures  in  research 
and  engineering  to  improve  the  performance  of  its  bits  and  advance 
rotary  drilling  have  run  into  millions  of  dollars.  Currently, 
these  expenditures  are  at  a  rate  of  more  than  $1,500,000  per 
year. 

This  continuing  research  enables  Hughes  to  keep  pace 
with  the  constantly  changing  needs  of  a  fast  moving  drilling 
industry.  Progress  dictates  that  we  can  never  be  satisfied 
with  any  improvement  of  the  moment. 
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This  interesting  pattern  is  made  by  the  veins  in  a  leaf  from  the  com¬ 
mon  sycamore  tree  {Platanns  occidentalh) ,  The  leaf  was  prepared  by  boil¬ 
ing  in  a  solution  of  sodium  carbonate  and  calcium  oxide.  After  this  treat¬ 
ment  the  softer  tissues  were  removed  by  gentle  brushing  under  water.  The 
remaining  skeleton  was  then  spread  on  a  glass  plate  and  allowed  to  dry. 
The  picture  covers  an  area  of  approximately  one  square  centimeter.— -photo¬ 
graph  BY  CHARLES  HEIMSCH. 
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ECOLOGICAL  DISTRIBUTION  OF  THE  LIZARDS  OF  THE 
LA  MOTA  MOUNTAIN  REGION  OF  TRANS-PECOS  TEXAS 


W.  W.  MILSTEAD 

Universidade  do  Rio  Grande  do  Sul,  Porto  Alegre,  Brazil 
INTRODUCTION 

The  field  data  which  form  the  basis  of  this  report  were  collected  on 
the  La  Mota  Rancho,  owned  and  operated  by  Mr.  and  Mrs.  A,  L  Mills. 
The  ranch  headquarters  are  located  63  miles  south  of  Marfa,  Presidio  County, 
Texas,  at  an  elevation  of  3900  feet  and  are  situated  between  La  Mota  Moun¬ 
tain  and  the  Tascotal  Mesa.  The  area  studied  is  located  between  29° 30’  and 
29°35’  north  latitude  and  103°  55’  and  104°00’  west  longitude  in  the 
Tascotal  Mesa  quadrangle  of  the  U.  S,  Geological  Survey.  The  geology  of 
this  quadrangle  was  studied  by  Erickson  (1951).  This  region  lies  in  the 
eastern  border  ranges  division  of  the  Mexican  Highlands  physiographic 
province  of  King  (1937)  and  in  the  Basin  and  Range  province  of  Fenne- 
man  (1931).  The  area  studied  includes  La  Mota  Mountain  and  a  part  of 
the  Tascotal  Mesa.  La  Mota  Mountain  has  an  elevation  of  5700  feet  above 
sea  level  and  the  Tascotal  Mesa  reaches  an  elevation  of  5180  feet.  Work 
on  the  mesa  was  done  at  elevations  varying  from  4000  to  4500  feet.  The 
area  between  the  mesa  and  the  mountain  (three  to  four  miles,  airline), 
where  most  of  the  work  was  done,  ranges  in  elevation  from  3700  to  4400 
feet.  In  addition  to  the  work  done  in  this  area,  ten  collecting  trips  were 
made  to  the  top  of  La  Mota  Mountain  and  an  equal  number  were  made 
on  the  Tascotal  Mesa. 

The  surface  rocks  of  the  region  are  principally  of  two  formations, 
the  Rawls  basalt  and  the  Tascotal  tuff.  The  former  overlies  the  latter  and 
covers  from  75  to  8  5  per  cent  of  the  area;  however,  extensive  exposures 
of  the  Tascotal  tuff  are  present  in  some  areas.  Both  of  these  formations  are 
members  of  the  Tertiary  Buck  Hills  volcanic  series.  The  Rawls  basalt  is 
very  dark  in  color  and  consists  of  four  members:  trachybasalt  porphyry, 
basalt,  volcanic  breccia,  and  trachyandesite  porphyry.  The  Tascotal  tuff 
is  very  light  (almost  white)  in  color  and  consists  of  three  members:  sand¬ 
stone  and  conglomerate,  conglomerate  and  fresh-water  limestone,  and  a 
rhyolitic  tuff. 

The  topography  of  the  area  is  largely  the  result  of  differential  erosion 
of  the  Rawls  basalt,  which  has  a  dendritic  drainage  pattern.  According  to 
Erickson  (op.  the  fine-grained  porphyritic  flows  of  the  Rawls  basalt 

weather  to  irregular  scarps  and  steep  slopes,  while  the  dense  nonporphyritic 
flows  weather  to  thin,  slabby  pieces  which  generally  form  gentle  slopes. 
The  alternation  of  porphyritic  and  nonporphyritic  flows  produces  a  very 
rugged  topography  marked  by  many  canyons,  buttes,  and  peaks.  The  prin¬ 
cipal  drainage  of  the  area  is  Torneros  Creek,  which  follows  the  Tascotal 
Mesa  fault  between  the  Mesa  and  La  Mota  Mountain. 

The  climate  of  the  region  is  arid.  It  is  located  in  a  rainfall  belt  of  12 
to  14  inches  a  year  (Yearbook  of  AgricttUure,  1941).  Most  of  the  rain 
falls  in  July,  August,  and  September.  Rain  fell  on  seven  days  during  our 
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Stay  in  June,  1952.  Most  of  these  rains  were  cloudbursts  of  short  duration 
during  the  late  afternoon  and  evening.  The  average  January  temperature 
is  48  degrees  and  the  average  July  temperature  is  78  degrees.  During  our 
stay  in  June,  the  average  daily  temperature  at  La  Mota  Rancho  headquarters 
was  8  5.69  degrees,  with  an  average  minimum  of  72,75  degrees  and  an  av¬ 
erage  maximum  of  96.52  degrees.  The  lowest  temperature  recorded  was  68 
degrees  on  June  9,  June  13,  and  June  29  and  the  highest  was  106  degrees 
on  June  17.  The  average  daily  temperature  range  was  24.10  degrees. 

Although  the  Big  Bend  National  Park  to  the  southeast  of  La  Mota 
Mountain  and  the  Sierra  Vieja  range  to  the  northwest  have  been  extensively 
worked,  no  faunistic  studies  have  been  made  in  this  region.  The  field  study 
on  which  this  report  is  based  covered  a  period  of  3  3  days  from  June  2  to 
July  4,  1952,  and  a  shorter  period  of  seven  days  from  July  29  to  August 
4,  1952.  During  the  first  period  of  study,  I  was  accompanied  by  J.  R. 
Tamsitt  who  studied  the  mammals  of  the  region.  A  total  of  342  specimens 
of  amphibians  and  reptiles  was  collected  during  the  two  periods  of  study. 
These  included  13  frogs  and  toads  of  three  species,  21  snakes  of  nine  species, 
and  3  08  lizards  of  14  species.  The  amphibians  and  snakes  are  listed  in  Table 
1.  The  lizards  are  listed  in  Table  II  and  are  discussed  below. 
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ECOLOGICAL  RELATIONSHIPS 

The  La  Mota  Mountain  region  lies  in  the  north-central  portion  of  the 
Chihuahuan  biotic  province  of  Blair  (1940,  195  0)  and  Dice  (1943).  The 
flora  and  physiography  are  characteristic  of  the  Chihuahuan  province  as 
discussed  by  Blair  (  1950).  Seven  species  of  lizards  found  in  the  La  Mota 
Mountain  region  are  listed  by  Blair  as  characteristic  of  the  mountains  of 
the  Chihuahuan,  while  four  species  are  listed  as  characteristic  of  the  basins 
and  plains. 

Lechugn'illa--Bear grass  Association.  This  association  is  restricted  to  the 
top  of  La  Mota  Mountain.  The  many  rocks  and  boulders  found  in  it  are 
of  Rawls  basalt.  The  most  important  plants  include:  lechuguilla  {Agave 
Icchngiulla) ,  beargrass  {Nolina  ertiinpens),  yucca  {Yucca  sp.'"')  sotol 
{Dasylirion  leio phyllum)  ^  ocotillo  {Fouqnicria  splendens) ,  and  grama  grass 
{Boiitelona  breviseta).  Of  lesser  importance  are  jointfir  {Ephedra  trifur- 
cafa),  saltbrush  {Atriplex  canescens) ,  catclaw  {Acacia  gregg/'i) ,  mesquite 
{Prosopis  glandulosa) ,  white  brush  {Aloysia  tvrightii)  ^  sumac  {Rhus 
Virens')^  blackbrush  {Condalia  mexicana)  ^  and  goldeneye  (Viquirera  steno- 
loba) .  Only  three  species  of  lizards  were  recorded  from  this  association. 
The  small  extent  of  the  association  may  account  for  the  small  number  of 


*  At  least  three  species  of  Yucca  are  present.  No  attempt  has  been  made  to  identify 
them,  since  they  do  not  appear  to  be  restricted  to  any  particular  associations. 
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species  recorded  and,  also,  for  the  small  number  of  individuals  taken.  The 
three  species  that  were  recorded  included:  Sceloporus  merriami,  Cnemido ph- 
orus  sacki,  and  Cnemidophortis  fesselafus. 

Rock— Bluff  Associatiofi.  This  association  includes  the  precipitous  rim- 
rock  of  La  Mota  Mountain  and  other  sheer  rock  facies.  Low  rock  ridges  and 
isolated  boulders  have  not  been  considered  as  a  part  of  this  association,  but, 
instead,  have  been  considered  as  a  part  of  the  associations  in  which  they 
occur.  The  rock  facies  in  the  rock--bluff  association  are  composed  of  both 
of  the  principal  types  of  rock  found  in  the  area,  Rawls  basalt  and  Tascotal 
tuff.  The  former,  which  composes  the  rimrock  of  La  Mota  Mountain,  is 
much  more  common  than  the  latter.  Vegetation  in  this  association  is  sparse 
or  absent.  Some  catclaw,  blackbrush,  sumac,  and  hop  tree  (Ptelea  sp.)  are 
found  around  the  bases  of  the  bluffs,  while  jointfir,  yucca,  beargrass,  sotol, 
leatherplant  {Jatropha  spathulata),  and  ocotillo  grow  in  cracks  on  the  bluffs. 
Only  three  species  of  lizards  were  recorded  from  this  association.  These 
included:  Sceloporus  merriami,  Sceloporus  poinsetti,  and  Eumeces  obsoletus. 
No  other  species  found  in  the  region  would  ordinarily  be  expected  in  this 
association. 

So fol--Yttcca— Beargrass  Association,  This  is  the  association  of  the 
steep,  rocky  slopes  of  La  Mota  Mountain.  The  soil,  rocks,  and  boulders  are 
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of  Rawls  basalt.  Sotol  and  yucca  comprise  the  principal  vegetation  of  the 
lower  slopes.  On  the  upper  slopes,  beargrass  is  of  about  the  same  importance 
as  these.  Other  vegetation  includes:  jointfir,  gramagrass,  some  lechuguilla, 
some  catclaw,  some  blackbrush,  and  a  small  amount  of  ocotillo.  Creosote- 
bush  (Larrea  divaricata)  grows  sparsely  on  the  lower  slopes.  Five  species 
of  lizards  were  recorded  from  this  association.  These  included:  Crotaphyfns 
collaris,  Sceloporus  fnerriami,  Sceloporus  pomsetfi,  Enmeces  obsolefiis,  and 
Cncmidophoriis  tesselatus. 

Snmac--Oak  Association.  This  association  is  limited  in  extent  and  oc¬ 
curs  about  halfway  up  a  canyon  on  the  north  side  of  La  Mota  Mountain. 
The  canyon  floor  is  covered  with  humus  and  with  many  boulders  of  Rawls 
basalt.  The  dominant  vegetation  includes:  sumac,  Arizona  oak  {Quercus 
arizonica)  ^  Emory’s  oak  {Quercus  emoryi)  ^  cherry  plum  {Prunus  havardii) , 
and  mountain  ash  {Fraxinus  velutina) .  Other  vegetation  includes  small 
amounts  of  yucca,  catclaw,  blackbrush,  and  ocotillo.  This  is  the  only  as¬ 
sociation  in  which  cactus  was  not  found.  Six  species  of  cacti  are  of  about 
equal  abundance  in  all  of  the  other  associations.  These  six  species  include: 
pricklypear  {Opuntia  engebnannii) ,  purple  tinge  pricklypear  (Opuntia 
macrocentra),  blind  pricklypear  {Opuntia  rufida),  cholla  {Optunia  im- 
cricata),  tasajillo  {Opuntia  le ptocaulis) ,  and  pitaya  {Echinocereus  stami- 
neus) .  The  sumac--oak  association  was  not  discovered  until  early  in  Au¬ 
gust,  and,  consequently,  very  little  collecting  was  done  in  it.  Only  one 
species,  Cnemidophorus  tesselatus,  was  collected  in  it. 

Ocotillo--Catclaw  Association.  This  is  the  most  extensive  association 
of  the  region.  It  occurs  on  the  Tascotal  Mesa  and  occupies  most  of  the 
rough,  broken,  badlands  country  between  the  Mesa  and  La  Mota  Moun¬ 
tain,  The  soil,  boulders  and  rock  ridges  are  of  Rawls  basalt  for  the  most 
part,  but  in  a  few  places  the  substrate  is  of  Tascotal  tuff.  The  dominant 
vegetation  includes:  ocotillo,  creosotebush,  sotol,  and  yucca.  Of  lesser  im¬ 
portance  are:  jointfir,  lechuguilla,  senna  {Cassa  lindheimeri) ,  leatherplant, 
blackbrush,  lotewood  {Xizyphus  lycoides) ,  and  allthorn  {Koeberlinia 
spinosa).  Twelve  species  of  lizards  were  recorded  from  this  association. 
Three  species,  Coleonyx  brevis,  Phrynosoma  modestum,  and  Cnemidophorus 
inornatus,  were  recorded  only  from  this  association,  and  five  species,  Crota- 
phytus  collaris,  Holbrookia  texana,  Sceloporus  merriami,  Sceloporus  poin- 
setti,  and  Cnemidophorus  tigris,  reached  their  highest  concentrations  in  it. 
This  is  the  only  association  in  which  all  four  species  of  Cnemidophorus  were 
found, 

Creosotebush--Ocotillo  Association.  This  association  occupies  the  ter¬ 
races  above  the  floodplains  of  the  many  draws  found  on  the  Tascotal  Mesa 
and  La  Mota  Mountain.  The  percentage  of  rock  coverage  is  low.  The  asso¬ 
ciation  is  characterized  by  coarse  gravel  and  sparse  vegetation.  The  soil 
and  gravel  are  composed  of  both  Rawls  basalt  and  Tascotal  tuff.  Creosote- 
bush  and  ocotillo  comprise  the  dominant  vegetation,  and,  in  many  places, 
the  only  vegetation.  Other  vegetation  includes:  yucca,  sotol,  huisache 
{Acacia  constricta),  catclaw,  mesquite,  blackbrush,  and  allthorn.  Only 
three  species  of  lizards  were  recorded  from  this  association.  The  small  amount 
of  available  cover  may  account  for  this  low  number  of  species.  The  three 
that  were  recorded  included:  Holbrookia  texana,  Cnemidophorus  tesselatus, 
and  Cnemidophorus  tigris. 
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Mesquite--Creosotebiish  Association.  This  association  is  found  in  and 
along  the  draws  and  on  the  floodplains  of  the  draws  on  the  Tascotal  Mesa 
and  in  the  area  between  the  Mesa  and  La  Mota  Mountain.  It  is  character¬ 
ized  by  fine  gravel  and  dense  chaparral.  The  gravel  is  composed  of  both 
Rawls  basalt  and  Tascotal  tuff.  The  dominant  vegetation  includes:  mes- 
quite,  creosotebush,  huisache,  catclaw,  and  blackbrush.  Other  vegetation 
includes:  yucca,  senna,  lotewood,  allthorn,  desert  willow  {Chilopsis  line¬ 
aris).,  and  goldeneye.  Eight  species  of  lizards  were  recorded  from  this  asso¬ 
ciation.  One  species,  Uta  stansburiana,  was  found  only  in  this  association. 

Mesquite--Mountain-Ash--Cottonwood  Association.  This  association  is 
found  along  draws  and  streams  in  the  vicinity  of  springs.  It  is  characterized 
by  fine  gravel,  dense  mesquite,  and  tall  trees.  Bed  rock  is  exposed  in  the 
stream  beds  in  many  places.  The  gravel  and  the  bed  rock  are  composed  of 
both  Rawl  basalt  and  Tascotal  tuff.  Most  of  the  collecting  in  this  associa¬ 
tion  was  done  at  Los  Fresnos,  the  La  Mota  Rancho  headquarters,  and  at 
Colmana  Spring.  Mesquite  is  the  dominant  vegetation  at  both  places.  Moun- 

TABLE  II 
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tain  ash  is  second  in  importance  at  Los  Fresnos  and  cottonwood  (Poptilus 
deltoid cs)  is  second  in  importance  at  Colmana  Spring.  Hackberry  (Celt is 
pallida)  is  fourth  in  importance  at  both  places.  Other  vegetation  includes: 
saltbrush,  huisache,  catclaw,  senna,  whitebrush  {Aloysia  wrightii  and  Aloysia 
ligiistrina)  ^  creosotebush,  blackbrush,  lotewood,  grape  (Vi/is  sp.),  allthorn, 
desert  willow,  and  button  willow  {Cephdanthus  occidentalis) ,  Seven  species 
of  lizards  were  recorded  from  this  association.  One  sight  record  in  this  as¬ 
sociation  for  Eumeces  brevilineatus  was  the  only  record  for  this  species. 
Three  species,  Sceloporus  maghter,  Sceloporus  undtilahis,  and  Cnemidophoms 
tcsselatus,  reached  their  highest  concentrations  here. 

annotated  list  of  species 

A  total  of  308  specimens  of  lizards,  comprising  eight  genera  and  14 
species,  was  collected  in  the  La  Mota  Mountain  region.  In  addition  to  these, 
sight  records  for  one  other  species,  Eumeces  brevilineatus,  have  been  in¬ 
cluded  in  the  discussion.  A  few  species  that  might  be  expected  in  the  region, 
but  were  not  recorded,  are  also  discussed.  All  of  the  specimens  have  been' 
deposited  in  the  Texas  Natural  History  Collection  of  the  University  of 
Texas. 

Coleonyx  brevis  Stejneger,  Only  one  specimen  of  this  species  was  col¬ 
lected.  It  was  found  under  a  rock  in  the  ocotillo--catclaw  association  on 
the  Tascotal  Mesa  about  noon  on  the.  thirteenth  of  June.  Another  indi¬ 
vidual  was  seen  in  the  same  area  about  a  week  earlier,  but  it  escaped  into 
a  thick  patch  of  lechuguilla  and  could  not  be  found. 

Holbrookia  texana  scitula  Peters.  A  total  of  29  specimens  was  col¬ 
lected.  Of  these,  14  were  from  the  ocotillo--catclaw,  one  from  the  creosote- 
bush--ocotiilo,  four  from  the  mesquite-'Creosotebush,  and  10  from  the 
mesquite--mountain-ash--cottonwood  association.  The  largest  number  of 
specimens  was  collected  in  the  ocotilio--catciaw  association  where  the  per¬ 
centage  of  rock  coverage  is  high;  however,  almost  as  many  were  collected 
in  the  mesquite--mcuntain-ash--cottonwood  association  where  the  amount  of 
rock  coverage  is  considerably  lower.  No  specimens  were  collected  or  seen 
in  any  of  the  associations  on  La  Mota  Mountain  where  the  percentage  of 
rock  coverage  is  highest.  This  indicates  that  the  habitat  preference  is  not 
governed  solely  by  rocky  areas  as  Peters  (1951)  has  suggested. 

The  mean  scale  counts  of  the  17  males  and  12  females  from  the  La 
Mota  Mountain  region  are  as  follows. 


Ventrals  Femoral  Pores  Scales  in 

Head  Length 

Males  _ _ _  85.17  29,82  3  5.12 

Females  _  82.90  28.80  36.00 


These  figures  arc  very  close  to  the  mean  figures  given  for  scitula  by  Peters 
(op.  cit.) ,  and  the  ranges  of  these  counts  fall  within  the  ranges  given  for 
scitula.  The  color  patterns  are  like  those  of  scitula  as  described  by  Peters. 

Crotaphytus  coUaris  baileyi  Stejneger.  Nine  specimens  of  this  species 
were  collected.  One  was  caught  in  a  mouse  trap  in  the  mesquite--creosote-- 
bush  association  and  eight  were  collected  from  their  sunning  places  on  rocks 
in  the  ocotillo--catclaw  association.  In  the  latter  association,  specimens  were 
taken  both  on  the  Tascotal  Mesa  and  in  the  area  between  the  Mesa  and  La 
Mota  Mountain.  Tamsitt  saw  one  individual  in  the  sotoL-yucca— beargrass 
association  just  under  the  rimrock  on  La  Mota  Mountain  but  he  was  unable 
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to  collect  it.  Eight  of  the  nine  specimens  collected  have  two  distinct  rows 
of  interorbital  scales,  while  one  specimen  shows  some  fusion  of  the  two 
rows. 

Sceloporus  mcrriami  anmilatus  Smith.  A  total  of  13  specimens  was 
collected  in  the  following  associations:  rock--bluff,  four;  sotol--yucca-- 
bear  grass,  two;  and  ocotillo--catclaw,  seven.  Individuals  of  this  species 
were  much  more  numerous  in  these  associations  than  the  number  of  speci¬ 
mens  indicates.  Two  specimens  were  seen  on  La  Mota  peak  on  the  second 
trip  up  the  mountain  on  June  10th,  but  these  two  escaped  and  no  others 
were  seen  on  subsequent  trips.  No  specimens  were  collected  in  the  sumac- 
oak  association  but  this  was  probably  due  to  the  short  time  spent  in  that 
association. 

Specimens  of  Sceloporus  mcrriami  from  the  La  Mota  Mountain  region 
have  a  considerable  number  of  characters  of  both  of  the  geographic  races 
as  given  by  Smith  (1937,  1946).  The  throat  bars  extend  to  the  labial  re¬ 
gion  in  all  thirteen  of  the  specimens,  are  fused  medially  in  all  but  one,  are 
distinct  in  seven,  and  are  indistinct  in  six.  Of  the  ten  specimens  which 
have  tails,  the  subcaudal  bands  are  distinct  in  four  and  indistinct  in  six.  The 
head  scales  are  rugose  in  six  specimens  and  smooth  in  seven.  The  frontopar- 
ietals  are  divided  in  1 1  specimens  and  entire  in  two.  The  anterior  part  of 
the  frontal  is  divided  in  eight  specimens  and  entire  in  five.  The  prefrontals 
are  separated  in  12  specimens  and  in  contact  in  one.  The  labiomental  re¬ 
gion  is  damaged  in  two  specimens,  but,  in  the  other  11,  the  first  infralabial 
and  the  first  postmental  are  in  contact  in  eight  and  separated  in  three. 
Femoral  pore  counts  could  not  be  taken  in  four  specimens.  In  the  remain¬ 
ing  nine,  the  femoral  pores  range  from  20  to  29  in  number,  with  an  aver¬ 
age  of  24.00.  Not  a  single  specimen  has  all  of  the  characters  of  either 
merriami  or  anmilatus.  The  majority  of  characters  are  those  of  anmilatus 
and,  therefore,  I  have  assigned  the  La  Mota  specimens  to  that  race. 

Two  ecophenotypes  of  Sceloporus  merriami  are  present  in  the  La  Mota 
Mountain  region.  One  is  a  dark  brownish  ground  color  and  is  restricted  to 
lizards  which  inhabit  the  Rawls  basalt,  while  the  other  is  a  light,  grayish 
ground  color  that  is  restricted  to  lizards  which  inhabit  the  Tascotal  tuff. 
The  same  phenomenon  is  exhibited  by  Crotaphytus  collar  is  and  Holbrookia 
texana  but  not  to  as  great  a  degree. 

These  specimens  constitute  the  first  record  of  Sceloporus  merriami  from 
Presidio  County.  This  extends  the  range  of  the  species  approximately  forty 
miles  northwest  of  the  localities  listed  by  Brown  ( 1950) . 

The  presence  of  Sceloporus  merriami  in  this  region  may  explain  the 
absence  of  Urosaurus  ornatus.  These  two  species  have  the  same  habitat  pref¬ 
erence  in  Trans-Pecos  Texas  and  may  be  in  direct  competition  with  each 
other.  Jameson  and  Flury  (1949)  found  only  Urosaurus  ornatus  in  the 
Sierra  Vieja  range.  Milstead,  Mecham,  and  McClintock  (  195  0)  recorded 
both  species  from  the  Stockton  Plateau,  but  did  not  find  them  in  the  same 
canyons.  Axtell  (unpublished),  on  the  other  hand,  found  the  two  species 
together  in  Brewster  County.  A  study  of  the  relationships  between  these 
two  species  would  probably  yield  some  interesting  information  about  inter¬ 
generic  competition. 

Sceloporus  poinsetti  Baird  and  Girard.  Seven  specimens  of  this  species 
were  collected.  Six  were  from  the  ocotillo--catclaw  association  and  one  was 
from  the  sotol“-yucca--beargrass  association,  A  few  were  seen  in  the  rock-- 
bluff  association  but  none  was  collected.  Specimens  were  collected  on  the 
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Tascotal  Mesa,  on  La  Mota  Mountain,  and  in  the  area  between  the  mesa 
and  the  mountain.  More  individuals  of  this  species  were  seen  on  cloudy 
mornings  than  at  any  other  time.  On  such  mornings,  they  were  reluctant  to 
leave  their  positions  on  top  of  rocks  and,  if  driven  off,  would  return  with¬ 
in  a  few  minutes.  On  sunny  mornings,  they  would  seek  refuge  in  crevices 
from  which  they  wculd  not  depart  until  the  collector  was  out  of  the  vicinity. 

Sceloporns  maghter  maghter  HallowelL  A  total  of  23  specimens  was 
collected.  This  species  reached  its  highest  concentration  in  the  mesquite-- 
mountain-ash--cottonwood  association  around  the  La  Mota  Rancho  head¬ 
quarters  at  Los  FVesnos,  where  1 8  specimens  were  collected.  A  few  of  these 
were  taken  from  mesquite  trees  but  the  majority  were  from  mountain  ash 
trees.  None  were  taken  from  cottonwood  trees  and  none  were  collected 
at  Colmana  Spring  where  the  number  of  cottonwoods  greatly  exceeds  the 
number  of  mountain  ash  trees.  Three  specimens  were  collected  in  the 
ocotillo--catclaw  association  in  the  area  between  the  Tascotal  Mesa  and 
La  Mota  Mountain,  One  was  in  a  catclaw  bush,  one  was  sunning  on  a  rock, 
and  one  was  in  a  yucca.  Two  specimens  were  collected  in  the  mesquite-- 
creosote-bush  association.  One  was  in  a  catclaw  bush  and  one  was  in  a  mes¬ 
quite  tree.  Several  more  were  seen  in  this  association,  but  they  escaped  into 
dense  chaparral.  No  specimens  were  collected  on  La  Mota  Mountain  or  on 
the  Tascotal  Mesa,  although  one  was  seen  on  the  mesa  in  the  mesquite— 
creosote-bush  association.  These  specimens  constitute  the  first  record  of 
Scelopoms  maghter  from  Presidio  County. 

Seloporns  tindulatus  consobrinus  Baird  and  Girard.  Four  specimens  of 
this  species  were  collected  in  two  associations.  In  the  mesquite--mountain- 
ash--cottonwood  association,  two  specimens  were  taken  from  mountain  ash 
trees  at  Los  Fresnos  and  one  from  a  cottonwood  at  Colmana  Spring,  One 
specimen  was  taken  from  a  yucca  in  the  mesquite--creosotebush  association. 

Ufa  stansburiana  steptegeri  Schmidt.  Three  specimens  were  collected 
in  the  mesquite--creosotebush  association  and  one  other  was  seen  in  the  same 
association.  The  rough  topography  of  the  La  Mota  Mountain  region  is  not 
in  keeping  with  the  usual  habitat  preference  of  this  species  in  Trans-Pecos 
Texas.  Both  Ufa  stansbtiriana  ste]negeri  and  Cnemido phonis  tigrh  marmora- 
tus  are  usually  thought  of  as  being  largely  restricted  to  plains.  This  occur¬ 
ence  in  this  region  is,  therefore,  very  surprising. 

Phrynosoma  modestiim  Girard.  One  specimen  was  collected  in  the 
ocotillo--catclaw  association  on  the  Tascotal  Mesa  late  in  July.  It  was  col¬ 
lected  at  twilight  and  was  active  when  first  seen.  From  previous  experience 
with  this  species,  its  habits  appear  to  be  largely  crepuscular.  Another  speci¬ 
men  was  seen  on  the  mesa  early  in  June,  but  it  was  not  collected.  As  is 
characteristic  of  this  species  throughout  the  Trans-Pecos  region,  the  one 
specimen  collected  on  the  Tascotal  Mesa  exhibits  a  high  degree  of  conceal¬ 
ing  coloration.  It  is  a  very  dark  gray  in  color  and  blends  in  perfectly  with 
the  dark  soil  derived  from  the  Rawls  basalt.  Unlike  Phryiiosoma  cormitum 
and  other  lizards,  this  species  rarely  attempts  to  escape  by  running.  When 
approached,  it  flattens  against  the  substrate  and  apparently  depends  upon  its 
coloration  as  its  main  escape  mechanism. 

Eumeces  brevilineatus  Cope.  No  specimens  of  this  species  were  collected. 
On  two  occasions,  Tamsitt  saw  an  individual  near  the  base  of  a  cottonwood 
tree  in  the  mesquite--mountain-ash--cottonwood  association  at  the  La  Mota 


1953,  No.  4 
December 


Lizards  of  Trans-Pecos  Texas 


411 


Rancho  headquarters,  but  it  escaped  both  times.  The  sumac--oak  association 
appeared  to  be  the  type  of  habitat  best  suited  for  this  species  but  none  were 
found  during  the  short  time  spent  in  that  association. 

Eumeces  ohsoletus  (Baird  and  Girard).  A  total  of  five  specimens  of 
this  species  was  collected  from  five  associations.  One  specimen  from  the 
rock--bluff  association  and  another  from  the  mesquite--creosotebush  associa¬ 
tion  were  caught  in  mouse  traps.  One  from  the  ocotillo--catclaw  association 
was  found  under  a  rock  at  about  8:00  a.m.  One  from  the  sotol--yucca-- 
beargrass  association  was  found  in  the  lower  leaves  of  a  sotol  plant  between 
7:30  and  8:00  a.m.  One  from  the  mesquite--mountain-ash--cottonwood  as¬ 
sociation  was  found  in  a  stone  wall  about  3:00  p.m.  These  last  two  speci¬ 
mens  were  active  at  the  time  of  capture. 

Cnemidophorus  sacki  semifasciatus  Cope.  Only  four  specimens  of  this 
species  were  collected.  Two  were  from  the  lechuguilla-beargrass  association 
on  La  Mota  peak,  one  was  from  the  ocotillo--catclaw  association  near  the 
La  Mota  Rancho  headquarters,  and  one  was  from  the  ocotillo--catclaw  as¬ 
sociation  around  the  Oquitillo  Shearing  Pens  on  the  Tascotal  Mesa,  This 
latter  locale  was  the  only  place  where  all  four  species  of  Cnemidophorus  were 
present  in  a  relatively  small  area. 

This  species  was  formerly  called  gtdaris  (see  Smith,  1946)  but  Smith 
(1949)  has  placed  it  in  the  synonymy  of  Cnemidophorus  sacki.  Specimens 
from  the  La  Mota  Mountain  region  agree  with  the  description  of  the  sub¬ 
species,  semifasciatus,  as  given  by  Burger  (1950)  and  btlong  to  the  same 
subspecies  as  specimens  from  the  Big  Bend  National  Park  in  southern 
Brewster  County  and  the  Black  Gap  Wildlife  Management  Area  in  south¬ 
eastern  Brewster  County, 

Cnemidophorus  inornatus  Baird.  This  species  was  found  only  on  the 
Tascotal  Mesa,  where  seven  specimens  were  collected  in  the  ocotillo-catclaw 
association.  This  is  the  species  called  per  plexus  by  Smith  (1946).  Burger 
(1950)  has  presented  reasons  for  reviving  the  name  inornatus  for  it. 

Cnemidophorus  tesselatus  (Say).  A  total  of  98  specimens  of  this 
species  was  collected.  These  were  from  the  following  associations:  Lechu- 
guilla--beargrass,  one;  sotol--yucca--beargrass,  two;  sumac--oak,  one;  oco- 
tillo--catclaw,  21;  creosotebush--ocotillo,  12;  mesquite--creosotebush,  16; 
and  mesquite--mountain-ash--cottonwood,  45.  This  was  the  most  widely 
distributed  species  of  the  region.  It  was  found  on  the  Tascotal  Mesa,  on  La 
Mota  Mountain,  and  in  the  area  between  the  mesa  and  the  mountain.  It 
occurred  in  every  association  with  the  exception  of  the  rock--bluff  associa¬ 
tion. 

On  the  basis  of  library  research,  Smith  and  Burger  (1949)  have  re¬ 
allocated  the  name  tesselatus  to  this  species,  which  has  previously  been  called 
grahami  (see  Smith,  1946).  Maslin  (1950)  has  reported  on  specimens  re¬ 
cently  collected  at  the  type  locality  (see  below)  and  has  established  their 
assumptions  as  correct. 

Cnemidophorus  tesselatus  was  described  by  Say  in  James’  (  1823)  ac¬ 
count  of  Long’s  Expedition  to  the  Rocky  Mountains.  The  type  specimens 
were  collected  by  members  of  the  Long  Expedition  somewhere  near  the 
mouth  of  Castle  Rock  Creek  on  the  morning  of  July  19,  1820,  This  creek, 
which  has  long  been  considered  as  the  type  locality  of  tesselatus,  was  thought 
by  Thwaites  (1905)  to  be  the  creek  in  eastern  Fremont  County,  Colorado, 
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now  called  Beaver  Creek.  Careful  reading  of  James’  {op.  cif.)  account  of 
the  expedition  excludes  any  possibility  that  Beaver  Creek  and  Castle  Rock 
Creek  are  the  same. 

Long’s  Expedition  camped  on  Boiling  Springs  Creek  near  Pike’s  Peak 
from  July  12  to  July  16,  1820.  On  the  16th,  the  expedition  broke  camp 
and  traveled  in  a  southwest  direction  for  twenty-eight  miles  to  make  camp 
on  the  Arkansas  River.  The  location  of  Pike’s  Peak,  the  mileage  covered, 
and  the  direction  traveled  indicate  that  Boiling  Springs  Creek  is  the  one  now 
called  Fountain  Creek,  The  expedition  remained  at  their  camp  on  the  Arkan¬ 
sas  from  the  16th  until  the  morning  of  the  19th.  On  the  17th,  Captain 
Bell,  Dr.  James,  and  two  men  left  the  main  camp  and  headed  upstream 
with  the  intention  of  finding  where  the  Arkansas  left  the  mountains.  They 
reached  this  place  on  the  same  day  and  found  it  to  be  3  0  miles  upstream 
from  the  main  camp.  On  the  18  th  this  detached  party  returned  to  the 
main  camp.  In  describing  the  return  trip,  James  states  that  "seven  miles 
from  the  mountains,  on  the  left  hand  side  of  the  Arkansas,  is  a  remarkable 
mass  of  sandstone  rocks,  resembling  a  large  pile  of  architectural  ruins.”  In 
the  following  paragraph,  he  goes  on  to  say  that  "From  this  point  the  bear¬ 
ing  of  James’  |3=  Pike’s J  Peak  was  found  to  be  due  north.”  Thwaites  {op. 
cif.)  must  have  begun  adding  the  mileage  covered  on  the  19th  from  this 
point  in  order  to  reach  the  conclusion  that  Castle  Rock  Creek  is  the  same 
as  Beaver  Creek,  The  main  camp  from  which  the  expedition  started  on  the 
19th  was  located  3  0  miles  from  the  mountains,  23  miles  from  this  mass  of 
sandstone  rocks.  By  following  the  curvature  of  the  Arkansas  River  for 
approximately  23  miles  from  a  point  due  south  of  Pike’s  Peak,  the  loca¬ 
tion  of  the  main  camp  may  be  established  as  a  little  northwest  of  the  pres¬ 
ent  city  of  Pueblo,  Colorado. 

The  expedition  broke  camp  on  the  morning  of  the  19th  and  headed 
down  the  north  bank  of  the  Arkansas.  Shortly  before  noon  they  crossed 
Castle  Rock  Creek.  The  specimens  of  tesselafiis  were  collected,  it  is  pre¬ 
sumed,  sometime  between  the  time  when  camp  was  broken  in  the  morning 
and  the  time  when  Castle  Rock  Creek  was  crossed.  In  the  afternoon,  the 
expedition  passed  "the  mouth  of  the  river  St.  Charles,  called  by  Pike  the 
Third  Fork,  which  enters  the  Arkansas  from  the  southwest.  It  is  about 
twenty  yards  wide;  and  receives,  eight  miles  above  its  confluence  the  Green 
Horn  Creek,  a  small  stream  from  the  southwest.”  The  St.  Charles  River 
and  Green  Horn  Creek  have  retained  their  names  to  the  present  time.  Short¬ 
ly  after  breaking  camp  on  the  morning  of  the  20th,  the  expedition  passed 
"the  mouth  of  a  creek  on  the  south  side,  which  our  guide  informed  us  is 
called  by  the  Spaniards  Wharf  Creek,  ,  .  This  is  evidently  the  stream 
which  is  now  called  the  Huerfano  River,  The  word  "huerfano”  means 

"orphan”  but  the  Spanish  pronunciation  would  be  "whar’fa’no”,  which 

could  be  easily  misunderstood  as  "wharf”. 

A  distance  of  2  5  miles  was  ,  covered  by  Long’s  Expedition  on  the  19th. 
Counting  back  from  the  Huerfano  River,  the  main  camp  of  July  16  to 

July  19,  1820,  is  again  established  as  being  located  a  short  distance  north¬ 

west  of  Pueblo,  Colorado,  Two  streams  enter  the  Arkansas  River  from 
the  north  between  the  main  camp  and  the  St.  Charles  River.  One  is  Dry 
Creek  which  is  located  just  west  of  Pueblo  and  the  other  is  Fountain  Creek 
which  is  located  just  to  the  east.  Either  one  could  be  Castle  Rock  Creek. 
The  distance  covered  favors  Fountain  Creek.  No  mention  is  made  of  Boil¬ 
ing  Springs  Creek  after  the  expedition  left  their  camp  there  on  July  16th* 
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It  is  possible  that  the  party  became  confused  and  gave  two  names,  Boiling 
Springs  and  Castle  Rock,  to  the  creek  now  called  Fountain  Creek.  If  not, 
then  Castle  Rock  Creek  is  probably  the  one  now  called  Dry  Creek.  Since 
the  two  creeks  are  located  very  close  together,  and  Pueblo  lies  between 
them,  I  propose  that  the  type  locality  for  Cnemidophorus  tesselatus  be  re¬ 
stricted  to  Pueblo,  Pueblo  County,  Colorado.  The  specimens  collected  by 
Maslin  (1950)  in  that  vicinity  would  be  topotypes. 

Cnemidophorus  tigris  marmoratus  Baird  and  Girard.  A  total  of  104 
specimens  of  this  species  was  collected.  These  were  from  the  following  as¬ 
sociations:  ocotillo--catclaw,  38;  creosotebush--ocotillo,  18;  mesquite-- 
creosotebush,  27;  and  mesquite--mountain-ash--cottonwood,  21.  This  species 
was  collected  on  the  Tascotal  Mesa  and  in  the  area  between  the  mesa  and 
La  Mota  Mountain.  No  specimens  were  collected  on  the  mountain. 

This  is  the  species  which  was  formerly  called  tesselatus  (see  Smith, 
1946).  The  next  available  name  for  it  is  tigris  (Smith  and  Burger,  1949). 

BIOGEOGRAPHICAL  RELATIONSHIPS 

The  lizards  of  the  La  Mota  Mountain  region  are  representative  of  five 
major  faunal  elements.  These  are  the  same  five  elements  listed  for  the 
Sierra  Vieja  range  by  Jameson  and  Flury  (1949)  and  are  included  in  the 
seven  elements  listed  for  the  Stockton  Plateau  by  Milstead,  Mecham,  and 
McClintock  (1950). 

One  species  (6.7%),  Sceloporus  undulatus,  is  wide-ranging  over  North 
America  and  occurs  in  a  large  number  of  biotic  provinces.  Four  species 
(26.6%)  have  their  center  of  range  in  western  North  America  and  are 
found  there  in  several  biotic  provinces.  These  include:  Crotaphytus  collaris, 
Sceloporus  magister,  Uta  stansburiana  and  Cnemidophorus  tigris.  One  spe¬ 
cies  (6,7%),  Eumeces  obsoletus,  has  its  center  of  range  in  the  Great  Plains 
and  two  species  (13.4%),  Eumeces  brevilineatus  and  Cnemidophorus  sacki, 
have  their  center  of  range  in  Mexico.  Seven  species  (46.6%)  have  their 
center  of  range  in  the  Chihuahuan  biotic  province.  These  include:  Coleonyx 
brevis,  Holbrookia  texana,  Ehyrnosoma  modestum,  Sceloporus  merriami, 
Sceloporus  poinsetti,  Cnemidophorus  inornatus,  and  Cnemidophorus  tessela¬ 
tus.  Of  these,  one  species,  Sceloporiis  merriami,  is  restricted  in  distribution 
to  the  Chihuahuan  biotic  province. 

York  (1949)  has  named  two  biotic  districts  in  the  Chihuahuan  biotic 
province.  These  two,  the  Sierra  Vieja  and  Rio  Grande  Basin,  were  recog¬ 
nized  by  Blair  (1950),  who  pointed  out  that  several  more  probably  exist. 
He  suggested  as  possible  biotic  districts,  the  Toyah  Basin,  the  Stockton 
Plateau,  and  the  area  of  semiairid  climate  in  Culberson,  Jeff  Davis,  north¬ 
ern  Brewster,  and  western  Pecos  counties.  The  Stockton  Plateau  was  rec¬ 
ognized  as  a  district  by  Milstead,  Mecham,  and  McClintock  (1950),  Of 
the  three  biotic  districts  that  have  been  named,  the  Stockton  Plateau  is 
probably  the  one  that  is  most  valid.  Although  Webster  (1950),  Herrmann 
(1950),  Milstead,  Mecham,  and  McClintock  (1950),  and  Thornton  (1951) 
have  concluded  that  the  Stockton  Plateau  is  a  part  of  the  Chihuahuan  biotic 
province,  the  presence  there  of  a  number  of  eastern  species  indicates  that 
it  is  somewhat  transitional  between  the  Chihuahuan  and  Balconian  provinces, 
and  this  sets  it  apart  from  the  remainder  of  the  Chihuahuan. 

Blair  (1940)  suggested  that  the  Big  Bend  region  of  Texas  might  con¬ 
stitute  a  distinct  biotic  district.  There  is  some  evidence  in  the  lizard  fauna 
for  this.  One  species,  Gerrhonotus  liocephalus,  appears  to  be  restricted  in 
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the  Chihuahuan  biotic  province  to  the  Big  Bend  region.  It  has  been  re¬ 
corded  from  the  Big  Bend  by  Strecker  (1909),  Murray  (1939),  and 
Schmidt  and  Smith  (1944),  but  has  not  been  recorded  from  any  other 
region  in  Trans-Pecos  Texas.  Although  this  species  is  widely  distributed  in 
the  Balconian  province,  some  environmental  factor  apparently  keeps  it 
from  ranging  onto  the  Stockton  Plateau, 

If  the  La  Mota  Mountain  region  on  the  west  side  of  Big  Bend  National 
Park  and  the  Black  Gap  Wildlife  Management  Area  on  the  east  side  are 
considered  along  with  the  park,  then  more  evidence  becomes  available.  One 
geographic  race,  Cnemido phonic  sack!  semifasciatus,  is  restricted  to  these 
three  regions.  One  species,  Scelopoms  merrami,  has  its  center  of  distribution 
and  reaches  its  western  limit  of  range  in  the  Big  Bend  and  one  race  of  this 
species,  anmdafus,  is  restricted  to  the  Big  Bend.  One  species,  Holbrookia 
macnlata,  is  absent  from  the  Big  Bend  region  and  another,  Fhrynosoma 
cornutum,  is  rare.  These  two  lizards  are  plains  forms  and  are  apparently 
excluded  from  the  Big  Bend  by  the  rough  topography. 

Blair  (1940,  1950)  did  not  name  a  Big  Bend  biotic  district  because 
of  the  absence  of  material  from  many  regions  in  the  Chihuahuan  biotic 
province.  Unfortunately,  that  is  still  the  case,  although  more  evidence  is 
now  available  in  both  the  fauna  and  flora.  Until  it  can  be  determined  how 
far  north  the  district  extends  in  Texas  and  how  far  south  in  Mexico,  it 
cannot  be  delimited  or  named. 


SUMMARY 

Fifteen  species  of  lizards  were  collected  in  eight  ecological  associations 
of  the  La  Mota  Mountain  Region  during  a  period  of  thirty-three  days  from 
June  2  to  July  4,  19  52,  and  a  shorter  period  of  seven  days  from  July  29 
to  August  4,  1952.  This  area  is  located  in  southeastern  Presidio  County, 
Texas,  in  the  Tascotal  Mesa  Quadrangle  of  the  U.  S.  Geological  Survey, 
and  lies  near  the  center  of  the  Chihuahuan  biotic  province.  An  analysis  of 
the  species  of  lizards  collected  in  this  region  shows  that  five  major  faunal 
elements  are  represented.  The  La  Mota  Mountain  specimens  Sceloporus  nicr- 
riami  and  Sceloporus  magister  constitute  the  first  records  of  these  species 
from  Presidio  County.  The  records  of  the  former  species  constitute  a  range 
extension.  Four  species  of  Cnemidophorus  occur  in  Trans-Pecos  Texas,  The 
La  Mota  Mountain  region  is  the  only  region  in  the  Trans-Pecos  where  all 
four  species  have  been  recorded  from  a  relatively  small  area.  The  type  lo¬ 
cality  of  one  of  these  species,  Cueinidopborus  fesselafus,  is  herein  restricted 
to  Pueblo,  Pueblo  County,  Colorado.  Evidence  is  presented  for  recognizing  a 
Big  Bend  biotic  district  but  lack  of  material  makes  it  impossible  to  name 
or  delimit  such  a  district. 
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QUALITY  OF  WATER  IN  THE  WICHITA  RIVER  SYSTEM 

OF  TEXAS 


WILLIAM  O.  TROGDON 
Midwestern  University 

INTRODUCTION 

Recent  severe  drouths  have  focused  attention  on  the  necessity  of  con¬ 
serving  both  underground  and  surface  water  reserves,  not  only  during 
years  of  shortages,  but  also  during  years  of  plenty.  Millions  of  dollars  have 
been  lost  in  Texas  during  the  past  two  or  three  years  because  of  insufficient 
water  for  industrial  users.  In  many  instances,  industrial  and  municipal  de¬ 
velopment  have  been  curtailed  due  to  water  shortage.  When  there  is  not 
enough  water  to  meet  all  demands,  the  order  of  priority  is:  domestic  and 
sanitary  use  first,  agricultural  use  (if  any)  second,  and  industrial  use  last. 

The  potential  water  supply  is  being  lost  in  three  chief  ways-“-use,  pol¬ 
lution,  and  erosion.  Wise  water  use  and  management  necessitates  a  saving 
in  all  three  ways. 

Much  of  the  early  work  of  flood  control  and  irrigation  in  the  2  5  to 
30  inches  annual  rainfall  region  of  the  United  States  was  done  in  the  Wichita 
River  watershed.  Lake  Wichita  was  built  in  1900  for  irrigation  of  lands  and 
for  a  city  water  supply.  In  1922,  Lakes  Kemp  and  Diversion  were  con¬ 
structed  on  the  Wichita  River  for  flood  control,  for  irrigation,  and  for 
municipal  water  supplies. 

Almost  from  the  beginning  water  impounded  in  Lakes  Kemp  and 
Diversion  has  been  of  such  poor  quality  that  it  is  undesirable  for  domestic 
and  industrial  use.  Some  of  the  early  engineers  (Church,  1923,  and  Carter 
et  al,  1924)  were  of  the  opinion  that  the  water  impounded  would  be  of 
fairly  good  quality,  since  most  of  it  would  be  caught  during  periods  of 
heavy  runoff;  however,  these  engineers  were  not  fully  aware  of  the  extent 
of  natural  pollution  or  of  the  fact  that  impounding  water  in  Lake  Kemp 
would  increase  the  flow  of  certain  salt-water  springs.  Since  most  of  the 
water  impounded  does  occur  from  heavy  flood  conditions,  the  quality  of 
water  in  Lakes  Kemp  and  Diversion  has  remained  fairly  constant  since  the 
lakes  were  filled  in  1923  and  1924.  Analyses  of  the  water  have  shown  a  va¬ 
riation  of  less  than  10  percent,  being  better  during  years  of  very  heavy 
runoff  than  during  years  of  little  runoff. 

The  purpose  of  this  study  was  to  locate  all  sources  of  natural  pollu¬ 
tion  and  in  so  far  as  possible  the  major  sources  of  unnatural  pollution  in  the 
watershed  of  the  Wichita  River.  In  order  to  accomplish  these  objectives, 
many  water  samples  from  streams,  springs,  and  lakes  were  collected  and 
analyzed. 


SOURCES  OF  NATURAL  POLLUTION 

The  natural  sources  of  pollution  were  found  to  be  springs  arising  from 
the  Blaine  formation,  which  is  a  part  of  the  Permian  Double  Mountain 
group.  The  Blaine  formation  consists  largely  of  gypsum  and  dolomitic 
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limestones  with  interbedded  shales  and  clays.  In  Texas,  the  Blaine  forma¬ 
tion  is  a  narrow  band  that  narrows  from  about  40  miles  in  width  at  the 
Red  River  near  Quanah  to  a  width  of  about  1 5  miles  near  Sweetwater 
(Sellards,  1923).  The  geographical  location  of  the  Wichita  River  system, 
the  Blaine  formation,  and  the  lakes  located  in  the  watershed  is  shown  in 
Figure  1. 

Three  major  contributing  springs  were  found  on  the  South  Fork 
Wichita  River  and  three  major  contributing  springs  were  found  on  Salt 
Creek,  which  empties  into  the  North  Fork  Wichita  River  in  Foard  County. 
Numerous  small  springs  were  found  in  these  vicinities,  but  the  combined 
flow  was  less  than  one-half  cubic  foot  per  second  for  the  small  springs  on 
the  North  Fork  Wichita  River  and  about  the  same  for  the  combined  flow 
of  the  small  springs  on  the  South  Fork  Wichita  River. 

As  indicated  in  Table  I,  the  water  from  the  major  contributing  springs 
in  the  upper  reaches  of  the  watershed  is  very  high  in  soluble  salts,  mainly 
sodium  chloride,  ranging  from  0.8  8  percent  or  8,800  parts  per  million  to 
4.9  percent  or  49,000  parts  per  million,  with  an  overall  average  of  2.37 
percent  or  roughly  five-sixths  the  concentration  of  ocean  water.  At  these 
concentrations  the  water  is  not  usable  even  as  a  source  of  water  for  live¬ 
stock,  which  helps  to  account  for  the  many  artificial  ponds  and  tanks  lo¬ 
cated  throughout  the  region  of  the  Blaine  formation. 

At  low  stage  of  the  river  these  six  major  springs  contribute  approxi¬ 
mately  one-third  of  the  total  flow  to  each  respective  fork  of  Wichita  River; 
however,  at  low  stage  water  in  the  South  Fork  disappears  into  the  bed  of  the 
river  before  it  reaches  the  junction  with  the  North  Fork.  Water  in  the 
North  Fork  does  reach  Lake  Kemp  except  at  very  low  stage  and  probably 
accounts  for  some  of  the  pollution  indicated  in  Table  II. 

Except  for  the  springs  arising  from  the  Blaine  formation,  no  other 
sources  of  natural  pollution  were  found  that  contributed  significantly  to 
the  water  of  the  Wichita  River, 

Below  Lake  Kemp  no  sources  of  natural  pollution,  as  such,  were  found; 
however,  some  ground  water  that  contributed  to  the  Wichita  River  was 
found  to  be  polluted,  but  further  study  indicated  the  ground  water  had 
become  polluted  through  salt  water  from  oil  fields. 

SOURCES  OF  UNNATURAL  POLLUTION 

Two  sources  of  unnatural  pollution  were  found  in  the  upper  reaches 
of  the  watershed— one  located  on  the  North  Fork  and  the  other  on  the 
South  Fork  of  the  Wichita  River.  Both  sources  were  producing  oil  fields 
that  were  either  utilizing  surface  pits  for  brine  disposal  or  had  at  one  time 
used  surface  pits.  Although  much  of  the  brine  is  now  being  pumped  back 
into  the  lower  depths  of  the  earth,  earlier  surface  disposal  has  polluted  the 
ground  and  ground  water.  The  very  high  salt  concentrations  of  the  seep 
areas  near  these  sources  of  unnatural  pollution  indicate  that  ground  water 
moves  slowly  and  that  once  the  ground  becomes  contaminated  with  salt,  it 
is  almost  impossible  to  get  rid  of  the  pollution.  This  gives  rise  to  a  very 
serious  situation,  since  no  economic  way  has  been  found  to  rid  the  soil  of 
the  salt  now  present. 

The  salt  concentration  of  the  water  in  the  creek  and  of  the  water 
which  was  seeping  into  the  creek  from  the  polluted  area  on  the  North  Fork 
of  the  Wichita  River  was  fairly  constant  during  low  stage,  being  12.6  per¬ 
cent  or  126,000  parts  per  million  dissolved  solids.  The  salt  concentration 
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FIG.  1 — Map  of  Wichita  River  drainage  basin  and  adjacent  area. 
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DATE  OF  SAMPLING  1952 


FIG.  2 — Salt  concentration  in  the  Wichita  River  at  various  locations  from  June  to  October,  1952. 
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of  the  seep  water  below  many  of  the  salt  water  disposal  pits  on  the  water¬ 
shed  of  the  South  Fork  of  the  Wichita  River  was  19.6  percent  or  196,000 
parts  per  million  dissolved  solids  or  about  the  same  concentration  as  the 
water  which  entered  the  pits  from  the  separation  batteries. 

Producing  oil  wells,  some  new  and  some  20  or  more  years  old,  are 
located  throughout  the  entire  Wichita  Irrigated  Valley,  and  open  salt-water 
disposal  pits  are  common.  Since  the  ground  water  level  is  often  less  than 
10  feet  deep  and  because  of  the  chemical  and  physical  effect  of  brine  on 
soil,  considerable  pollution  of  the  ground  water  has  occurred  in  this  area. 
Water  from  some  of  the  shallow  wells  located  near  old  surface  disposal  pits 
contained  from  5.0  to  3  3.2  percent  dissolved  salt.  Water  in  constructed 
drainage  ditches  for  lowering  the  water  table  in  these  areas  showed  con¬ 
siderable  variation  in  the  dissolved  salt  content  and  also  in  the  volume  of 
flow. 


EFFECT  OF  RUNOFF  ON  THE  CHEMICAL  COMPOSITION  OF  WATER 

During  this  study,  only  one  rainfall  of  sufficient  intensity  and  quan¬ 
tity  to  cause  a  small  rise  in  the  river  occurred. 

When  the  chemical  composition  of  the  water  in  the  North  Fork  of 
the  Wichita  River  at  low  stage  is  compared  with  the  chemical  composition 
of  the  water  at  slight  rise  (Table  II),  water  being  collected  at  the  same 
location,  it  is  easy  to  understand  why  the  quality  of  water  impounded  in 
Lakes  Kemp  and  Diversion  is  as  good  as  it  is  (Table  II).  During  periods 
of  heavy  runoff  the  quality  of  water  from  the  contributing  streams  would 
be  of  even  better  quality. 

QUALITY  OF  WATER  IN  THE  WICHITA  RIVER  BELOW  THE  LAKES 

Figure  2  shows  the  variation  in  the  dissolved  salt  concentration  of  the 
Wichita  River  at  different  locations,  water  samples  being  collected  every 
two  weeks  from  June  to  October,  1952.  The  very  great  increase  in  dis¬ 
solved  solids  between  Lake  Diversion  and  Kadane  Corner  is  due  largely  to 
unnatural  sources  of  pollution,  mainly  from  oil  fields.  Very  little  irrigation 
water  is  used  above  Kadane  Corner,  and  consequently  during  a  dry  season 
there  is  little  chance  for  much  dilution.  Excessive  use  of  irrigation  water 
and  poor  irrigation  practices  help  to  explain  the  decrease  in  salt  concentra¬ 
tion  between  Kadane  Corner  and  the  Iowa  Park-Holliday  location  and  also 
the  Seymour  Circle  location. 

After  the  City  of  Wichita  Falls  releases  its  disposal  water  to  the  Wich¬ 
ita  River,  the  concentration  of  dissolved  solids  in  the  water  is  decreased 
considerably,  indicating  that  proper  treatment  of  disposal  water  by  cities 
can  be  effective  in  keeping  water  usable.  During  the  latter  part  of  July 
and  during  August,  the  City  of  Wichita  Falls  was  forced  to  use  some  water 
from  Lake  Wichita;  and  the  fact  that  this  water  was  of  poor  quality  ac¬ 
counts,  in  part,  for  the  very  rapid  rise  in  the  dissolved  solids  concentration 
of  the  water  in  the  river  after  the  disposal  water  was  released. 

SUMMARY 

The  evidence  obtained  in  this  study  shows  that  springs  arising  from 
the  Blaine  formation  in  the  upper  reaches  of  the  watershed  account  for 
nearly  all  of  the  natural  pollution  and  are  constant  sources  of  pollution 
throughout  the  year,  especially  when  runoff  is  light. 
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Since  most  of  the  water  impounded  in  Lakes  Kemp  and  Diversion  and 
Lake  Wichita  comes  from  runoflf,  there  is  sufficient  dilution  of  the  very 
poor  quality  water  to  maintain  the  quality  of  the  impounded  water  suffici¬ 
ently  good  for  agricultural  use  on  most  soils  in  the  irrigated  valley.  Even 
with  dilution  the  quality  of  the  water  is  poor  for  domestic  and  industrial 
use.  This  means  that  until  the  sources  of  both  natural  and  unnatural  pollu¬ 
tion  can  be  corrected  in  the  upper  reaches  of  the  watershed,  Lakes  Kemp 
and  Diversion  will  be  of  economic  value  only  for  agricultural  purposes 
and  flood  control. 

Because  of  the  contamination  of  the  ground  and  ground  water  from 
salt  water  pollution  below  Lake  Diversion,  rapid  improvement  of  the  water 
in  the  Wichita  River  is  not  possible;  however,  this  does  not  alleviate  the 
need  for  corrective  measures. 

Surface  disposal  pits  in  producing  oil  fields  are  constant  sources  of 
contamination  to  productive  crop  land,  to  ground  water  sources,  and  to 
the  drainage  area.  The  chemical  and  physical  effect  of  brine  on  the  earth 
used  in  constructing  the  pits  is  such  that  the  brine  is  not  retained  within 
the  confines  of  the  disposal  pits  until  the  water  has  evaporated,  but  moves 
horizontally  and  downward  from  the  pit. 
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THE  EFFECTS  OF  CERTAIN  PLANT  GROWTH  STIMULANTS 
USED  AS  SEED  TREATMENTS  ON  THE  YIELD  OF 
COTTON  AND  A  GRAIN  SORGHUM^ 

CECIL  AYERS  and  A.  W.  YOUNG 
Texas  Technological  College 

INTRODUCTION  AND  OBJECTIVES 

Certain  substances  stimulating  hormone  secretion  have  been  known 
for  years  to  occur  generally  in  the  leaves  and  seeds  of  plants  (10),  It  has 
been  known  since  Darwin’s  time  that  these  stimulants  are  necessary  for  plant 
growth  and  reproduction  (17).  During  the  past  decade  several  manufac¬ 
turing  concerns  have  produced  certain  synthetic  substances  which  are 
recommended  as  "vitamins,”  plant  growth  stimulants,  and  hormones.  In 
recent  years  a  great  variety  of  opinions  have  arisen  as  to  the  value  of  these 
stimulants  and  the  need  for  the  stimulation  of  normal  hormone  secretion 
and  vitamin  production.  These  stimulants  are  used  as  treatment  of  seed, 
roots,  cuttings,  and  flowers. 

Many  claims  have  been  advanced  regarding  the  effects  of  plant  growth 
stimulants  on  hormone  secretion,  vitamin  content,  yield,  root  development, 
top  development,  increased  vigor,  greater  percentage  and  more  rapid  germi¬ 
nation,  genic  behavior,  and  other  aspects  of  plant  growth  and  development. 
These  claims  have  been  so  attractive  to  profiteering  by  certain  individuals 
and  companies  that  one  state  (4)  passed  laws  making  the  sale  and  adver¬ 
tising  for  sale  of  such  commercial  products  unlawful. 

There  has  been  a  great  deal  of  interest  on  the  part  of  some  of  the 
leading  farmers  of  the  South  Plains  of  Texas  as  to  the  possibilities  of  the 
general  use  of  these  stimulants  on  agronomic  crops.  This  led  to  the  selection 
of  this  problem  in  which  treatments  were  made  with  some  of  the  more 
common  stimulants.  The  stimulating  substances  were  so  numerous  and 
their  recommended  applications  so  varied  that  it  necessitated  holding  the 
problem  to  specific  tests  and  specific  treatments.  Cotton  and  a  grain  sor¬ 
ghum  were  selected  because  of  their  agronomic  importance  in  this  locality. 
Emphasis  was  given  to  practical  seed  treatments  with  some  of  the  more 
publicized  substances.  Results  of  the  cotton  and  grain  sorghum  tests  were 
obtained  by  yields  of  seed  cotton  and  grain  respectively. 

It  was  anticipated  that  this  work  would  provide  information  helpful 
in  determining  the  value  of  certain  plant  growth  stimulants. 

HISTORICAL  REVIEW  OF  LITERATURE 

Boysen- Jenson  (2)  says  that  plant  growth  is  due  chiefly  to  the  absorp¬ 
tion  of  water,  the  synthesis  of  new  protoplasm,  extension  of  cellular  boun¬ 
daries,  and  increase  in  weight.  As  an  organism  grows,  it  becomes  differenti¬ 
ated  into  parts  that  perform  specific  functions.  He  classifies  the  substances 

^  Part  of  a  thesis  submitted  by  Cecil  Ayers  to  the  faculty  of  the  Graduate  Division  of 
Texas  Technological  College  in  partial  fulfillment  of  the  requirements  for  the  degree 
of  master  of  science. 
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concerned  in  the  chemical  reactions  and  physical  conditions  that  contribute 
to  growth  into  two  groups,  nutritional  substances  and  regulating  substances. 
In  the  first  group  he  considers  that  from  the  broadest  sense  belong  the  fol¬ 
lowing:  water,  minerals,  gases,  and  the  organic  foodstuffs  which  supply 
energy  for  building  the  plant’s  structures.  He  subdivides  the  second  group 
as  follows:  (1)  Localized  chemical  activators  whose  range  of  influences 
may  be  limited  strictly  to  intracellular  activities  (e.g,,  those  concerned 
with  various  genic  effects)  or  to  a  comparatively  small  sphere;  (2)  hor¬ 
mones  which  exercise  specific  effects  upon  cells  or  tissues  other  than  those 
by  which  they  are  produced.  To  the  latter  group  of  substances  belong  those 
growth  regulating  and  growth  stimulating  materials  around  which  this 
work  is  based. 

Nicol  (17)  defines  a  hormone  as  "a  chemical  messenger-— something 
passing  between  two  parties  and  essential  to  carrying  out  a  transaction,” 
He  extends  the  meaning  and  use  of  hormone  to  include  vitamins  in  plants 
but  questions  its  authenticity  because  animals  have  hormone  action  but 
depend  upon  plants  for  their  vitamins. 

Cox  (6)  treats  vitamins  differently  than  does  Nicol,  He  states  that 
vitamin  Bi  (thiamin  hydrochloride)  is  a  hormone  in  most  plants,  as  it  is 
made  in  one  place,  the  leaves,  and  translocated  to  another  for  use.  Since 
animals  do  not  manufacture  thiamin  hydrochloride,  it  is  a  vitamin  to  them 
in  as  much  as  it  is  continually  necessary  for  their  well-being.  Animals  depend 
upon  plants  for  their  supply. 

Boysen- Jensen  (2)  defines  the  word  hormone  as  being  derived  from 
a  Greek  word  meaning  "I  arouse  to  activity,”  and  further  states  that  it 
was  later  defined  (by  Starling  in  1914)  as  "any  substance  normally  pro¬ 
duced  in  the  cells  of  some  part  of  the  body  and  carried  to  distant  parts 
which  it  affects  for  the  good  of  the  body  as  a  whole.”  Boysen- Jensen  proved 
that  hormone  behavior  in  the  oat  plant  affected  the  growth  and  reproduc¬ 
tion  of  the  plant.  By  controlling  hormone  action  in  the  plant  he  proved 
that  it  assimilates  certain  unknown  substances  that  are  either  hormones  or 
hormone  secretion  stimulants.  He  clarifies  this  phenomenon  by  stating  that 
the  growth  substances  stored  in  seeds  of  higher  plants  are  of  great  signifi¬ 
cance  in  germination  and  seedling  growth. 

Mitchell  and  Rice  (16)  state  that  for  many  years  agriculturists  have 
used  different  substances,  such  as  lime,  potash,  copper,  and  arsenic,  as  fer¬ 
tilizers,  fungicides,  and  insecticides.  More  recently,  however,  another  group 
of  substances  has  become  of  importance  agriculturally.  These  are  known 
as  growth  regulating  substances  since,  when  applied  in  various  ways  to 
plants,  they  inhibit,  greatly  increase  or  alter  in  various  ways  the  growth 
and  development  of  plants. 

Much  work  has  been  done  in  recent  years  on  the  effects  of  vitamin 
Bi  and  other  chemicals  as  plant  growth  stimulants.  A  small  amount  of  this 
work  has  been  done  on  agronomic  crops.  Of  the  agronomic  crops  used, 
cotton  and  grain  sorghum  experimentation  has  been  rather  meager.  In  re¬ 
viewing  the  literature  no  attempt  is  made  to  hold  the  review  to  experimen¬ 
tation  on  cotton  and  grain  sorghums.  Supplemental  hormone  application 
is  so  new  that  the  effects  of  these  so-called  stimulating  substances  on  other 
crops  may  be  supposed  to  have  direct  bearing  on  the  behavior  of  cotton 
and  grain  sorghums  under  similar  treatments.  The  newness  of  these  investi¬ 
gations  necessitates  the  research  with  stimulants  as  the  primary  aim  and 
definite  crops  as  a  second  aim.  To  be  more  explicit,  the  application  of  chem- 
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icals  as  plant  growth  stimulants  should  not  be  made  commercially  on  locally 
adapted  crops  until  the  beneficial  effects  of  the  stimulating  substances  have 
been  experimentally  established, 

A  few  authorities  show  experimental  results  favoring  the  application 
of  chemicals  as  plant  growth  stimulants.  A  greater  number  of  authorities 
have  found  the  results  to  be  either  not  favorable  or  unfavorable  when 
applied  in  any  amounts.  In  order  to  show  more  clearly  that  this  is  true,  it 
is  necessary  to  submit  the  results  and  opinions  of  a  number  of  these  authori¬ 
ties. 

Kisselback  (14)  tested  corn,  soybeans,  oats,  and  barley  with  water 
solutions  of  levulinic  acid,  indoleacetic  acid,  indolebutyric  acid,  phenylacetic 
acid,  and  naphthylacetic  acid  and  dust  treatments  of  Staymone  and  GrainO. 
His  plot  technic  involved  eight  to  ten  replications.  He  says  that  he  tested 
those  stimulants  to  investigate  the  possibilities  of  their  use  in  Nebraska  be¬ 
cause  of  a  news  story  in  the  Omaha  World  Herald^  January  4,  1942,  writ¬ 
ten  by  J.  C.  Ireland  (11,12,  and  13), In  this  story  Ireland  called  public 
attention  to  the  highly  beneficial  effects  of  the  growth  substances. 

The  results  of  Kisselback’s  experimentation  gave  rise  to  the  following 
conclutions: 

”1,  No  significant  benefits  as  to  germination,  seedling  development,  ma¬ 
turity,  or  yield  were  derived  from  any  hormone  seed  treatment  applied  to 
corn,  soybeans,  oats,  and  barley;  2,  100,  and  50,  and  10  (.1%,  .05%, 
and  .01%)  parts  per  million  solutions  of  five  respective  hormones  gave 
essentially  equal  results,  and  without  superiority  over  the  controls.  This 
suggests  that  the  use  of  still  more  dilute  hormone  solutions  would  not  have 
altered  the  results;  3.  The  commercial  hormone  dusts  applied  to  the  seed  did 
not  result  in  crop  performance  superior  to  that  of  the  untreated  controls 
or  of  the  three  more  dilute  hormone  solutions;  4.  Judged  by  the  outcome 
of  these  investigations  and  those  reported  in  the  literature,  no  hormone 
seed  treatment  can  be  recommended  in  Nebraska  for  any  farm  crop.” 

Woodhouse  and  Morris  (19)  tested  the  effect  of  vitamin  Bi  on  corn  and 
cotton  in  North  Carolina.  Corn  was  growth  in  six  different  soil  types  and 
cotton  in  three.  They  stated  that  there  is  no  evidence  from  these  experi¬ 
ments  that  the  addition  of  Bi  is  effective  in  increasing  yields  of  corn  and 
cotton  on  any  of  the  six  soil  types  studied,  except  on  an  extremely  poor 
Durham  soil.  They  further  stated  that  it  would  not  seem  advisable  to  add 
vitamin  Bi  to  corn  and  cotton  fertilizers  in  this  area  as  such  action  could 
not  be  expected  to  increase  yields  generally  and  might,  under  some  cir¬ 
cumstances,  cause  injury. 

Dexter  (8)  used  plant  hormones  as  seed  treatments  for  sugar  beets. 
He  concluded  as  follows: 

"In  general,  there  appeared  to  be  some  tendency  toward  improved  yield  as 
the  concentration  of  the  hormones  decreased,  that  is,  approached  the  pure 
water  treatment.  This  slight  tendency  is  again  suggested  in  that  the  average 
yields  following  treatment  with  each  hormone  are  slightly  inferior  to  those 
following  water  alone.  While  it  cannot  be  claimed  that  the  hormone  treat¬ 
ments  were  found  to  be  definitely  injurious  in  this  trial,  certainly  there  is 
no  indication  that  the  hormones  were  beneficial  or  worthy  of  general  agri¬ 
cultural  application.” 

Dexter  (7)  used  Rootone,  GrainO,  Staymone,  Dow  crude,  Dow  9 A 
Hormex,  App-l-set,  and  Dow  solution  on  oats,  barley,  sugar  beets,  man¬ 
gels,  soybeans,  pea  beans,  and  corn.  In  no  case  did  any  individual  hormone 
produce  results  favorable  to  its  commercial  use. 
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Cox  (4)  states  that  the  value  of  plant  growth  stimulants  has  been 
so  exploited  by  certain  individuals  and  companies  that  a  law  has  been  passed 
in  California  (3)  making  it  unlawful  to  sell  or  advertise  for  sale  any 
fertilizer,  agricultural  mineral,  manure,  or  soil  amendment  that  has  arti¬ 
ficial  plant  growth  stimulants  mixed  in.  Notice  was  sent  to  seedsmen  of 
California  ( 5 )  referring  them  to  the  Fertilizing  Materials  Article  of  the 
Agricultural  Code  (Sections  1021-43)  which  makes  the  sale  of  plant 
growth  stimulants  unlawful. 

EXPERIMENTATION 

Methods 

PREPARING  CHEMICALS:  Solutions.  Indole-3 -acetic  acid,  beta- 
( indole- 3  ) -propionic  acid,  alpha  naphthylacetic  acid,  gamma- (indole-3  ) - 
normal  butyric  acid,  and  phenylacetic  acid  were  used  as  treatments  on  Acala 
cotton  seed  and  Plainsman  milo  seed.  The  acids  were  bought  in  crystalline 
form  from  the  Eastman  Kodak  Company,  and  were  prepared  in  the  follow¬ 
ing  manner  (9).  A  2%  base  solution  of  indoleacetic  acid  was  made  by  dis¬ 
solving  two  grams  of  the  crystalline  acid  in  100  cc.  of  alcohol-glycerin. 
A  mixture  of  50  cc.  of  ethyl  alcohol  and  50  cc.  of  glycerin  was  used  as 
the  solvent  because  the  crystalline  acid  will  not  dissolve  in  water.  The  2% 
base  solutions  of  the  other  four  acids  were  similarly  made  with  proportions 
of  the  four  crystalline  acids  based  on  their  molecular  weights  compared  to 
the  molecular  weight  of  indoleacetic  acid.  These  solutions  were  stored  in 
brown  bottles  in  a  dark  drawer  to  prevent  possible  detrimental  effects  from 
light.  The  treatment  solutions  were  made  by  putting  50  drops  of  the  base 
solution  into  one  pint  of  distilled  water,  A  medicine  dropper  giving  1  cubic 
centimeter  for  20  drops  was  used  in  measuring  the  amount  of  solution 
added.  This  gave  a  concentration  of  one  part  per  ten  thousand.  These  treat¬ 
ment  solutions  were  made  on  the  day  they  were  used  to  prevent  loss  of 
their  value  by  decomposition. 

Dusts.  GrainO,  Rootone,  GrainO  Special  SNT,  and  Staleymone  were 
used  as  seed  treatments.  They  are  commercial  products  in  powder  form 
ready  for  application. 

SEED  TREATMENTS  FOR  PLANTING:  Solutions.  In  the  acid  solu¬ 
tion  treatments,  200  grams  of  Plainsman  milo  seed  were  used  as  a  sample. 
One  sample  was  soaked  for  three  hours  in  one  pint  of  distilled  water  as  a 
check.  Five  samples  were  soaked  for  three  hours  in  one  pint  of  acid  treat¬ 
ment  solutions  prepared  as  above;  one  each  in  indoleacetic  acid,  phenol- 
acetic  acid,  naphthylacetic  acid,  indolepropionic  acid,  and  indolebutyric 
acid  (9) .  The  seed  were  drained  well  before  planting. 

Dtists.  In  the  dust  treatments  of  Plainsman  milo  seed  for  planting, 
227  grams  were  used  as  a  sample.  One  sample  was  untreated  as  a  check. 
Four  samples  were  treated  with  commercial  dusts  as  follows:  Staleymone, 
four  ounces  per  bushel  (18);  Rootone,  one-half  ounce  per  bushel  ( 1 ) ; 
GrainO,  two  ounces  per  bushel  (15);  and  GrainO  Special  SNT,  two  ounces 
per  bushel  (15).  The  seed  were  screened  to  remove  any  excess  dust.  In 
treating  cotton  seed  with  the  dust,  227  grams  were  used  as  a  sample.  One 
sample  was  untreated  as  a  check.  Three  samples  were  treated  with  commer¬ 
cial  dusts  as  follows:  Staleymone,  four  ounces  per  bushel  (18);  Rootone, 
one  ounce  per  bushel  ( 1 )  ;  and  GrainO,  four  ounces  per  bushel  (15).  The 
seed  were  screened  to  remove  any  excess  dust. 
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PLANTING  PLANS:  Plantings  were  made  using  the  Latin  square 
design.  Two  twenty-foot  rows  were  used  in  each  plot.  This  arrangement 
allowed  for  a  design  of  approximate  squareness  and  for  ease  of  cultivation 
with  two  row  equipment.  Treatments  were  assigned  to  plots  by  drawing 
numbers  from  a  hat,  starting  with  column  I  row  one.  Each  plot  made  up 
of  two  twenty-foot  rows  was  numbered  as  one  row  forty  feet  long.  All 
treatments  were  uniformly  planted  with  a  nursery  planter. 

Methods  of  Determining  Yields:  Acala  Cotton.  Each  plot  was  hand¬ 
picked  and  the  seed  cotton  weighed  separately.  Weights  were  taken  in  grams. 
Plainsman  Milo.  Each  plot  was  headed  separately,  threshed  in  a  small  nursery 
thresher  and  weighed  in  grams. 

RESULTS 

YIELD  DATA  AND  STATISTICAL  ANALYSIS:  Aid  Treatment  Solution 
on  Plainsman  Milo  Seed:  A  summary  of  the  yields  of  Plainsman  milo  grain 
from  acid  solution  treated  and  untreated  plots  is  shown  in  Table  I.  An 
analysis  of  variance  was  calculated  and  is  shown  in  Table  II.  The  significant 
F  value  for  rows  and  non-significance  for  columns  showed  that  the  soil 
heterogeneity  gradient  was  parallel  to  the  way  the  columns  ran  in  the  field 
test.  The  soil  crusted  after  a  rain  that  came  three  days  after  planting,  and 
a  poor  stand  resulted.  The  F  value  of  13.4  for  treatments  was  much  more 
than  the  theoretical  F  value  of  the  1  %  point,  indicating  that  the  differences 
in  yields  were  highly  significant. 

Upon  applying  the  t  test,  the  least  significant  difference  at  the  5  % 
point  was  found  to  be  627  grams.  A  comparison  of  the  mean  yields  of 
treatments  to  the  mean  yield  of  untreated  plots  indicated  that  indoleacetic 
acid,  phenylacetic  acid  and  indolebutyric  acid  as  seed  treatments  on  Plains¬ 
man  milo  lowers  the  yield  of  grain  significantly.  There  was  no  significant 


TABLE  I 


A  SUMMARY  OF  THE  YIELDS  OF  PLAINSMAN  MILO  GRAIN  IN  A  LATIN 
SQUARE  WHEN  TREATED  WITH  ACID  SOLUTIONS 


T  feat  molt 
Untreated 

Naphthylacetic  acid 
Indol^ropionic  acid 
Indoleacetic  acid 
Phenylacetic  acid 
Indolebutyric  acid 


Mean  Yield  in  Grams 
3,445 
3,661 
2,938 
1,983 
1,832 
2,308 


Least  significant  difference  —  627  grams 


difference  in  the  mean  yields  of  plots  treated  with  indolepropionic  acid  and 
naphthylacetic  when  compared  to  the  mean  yield  of  the  untreated  plots. 
Dust  Treatments  on  Plainsman  Milo  Seed.  A  summary  of  the  yields  of 
Plainsman  Milo  grain  from  dust  treated  and  untreated  plots  is  shown  in 
Table  III.  An  analysis  of  variance  was  calculated  and  is  shown  in  Table  IV, 
There  was  no  significant  difference  in  rows,  columns,  or  treatments. 
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TABLE  11 


ANALYSIS  OF  VARIANCE  OF  THE  EFFECTS  OF  ACID  SOLUTION  SEED 
TREATMENTS  ON  THE  YIELD  OF  PLAINSMAN  MILO  GRAIN 
Latin  Square  Grams 


Source  of 

Degrees  of 

Sum  of 

Mean 

F  Values 

F 

Values 

Variation 

Freedom 

Squares 

Square 

Obtained 

Theoretical 

Total 

35 

31,100,793 

3.81* 

Rows 

5 

5,167,635 

1,033,527 

2.04 

2.71 

4.10 

Columns 

5 

2,770,547 

554,109 

13  4## 

2.71 

4.10 

Treatments 

5 

17,733,150 

3,546,630 

2.71 

4.10 

Error 

20 

5,429,461 

271,473 

*  Exceeds  5%  Point 
*  *  Exceeds  1  %  Point 


TABLE  III 


A  SUMMARY  OF  THE  YIELDS  OF  PLAINSMAN  MILO  GRAIN  IN  A 
LATIN  SQUARE  WHEN  TREATED  WITH  DUSTS 


Treatment 

Untreated 

GrainO 

GrainO  Special  SNT 

Rootone 

Staleymone 


Mean  Yield  in  Grams 
2,616 
3,018 
2,770 
2,822 
1,577 


TABLE  IV 


ANALYSIS  OF  VARIANCE  OF  THE  EFFECTS  OF  DUST  SEED  TREATMENTS 
ON  THE  YIELD  OF  PLAINSMAN  MILO  GRAIN 
Latin  Square  Grams 


Source  of 
Variation 
Total 
Rows 
Columns 
Treatments 
Error 


Degrees  of 
Freedom 
24 
4 
4 
4 
12 


Sum  of 
Squares 
20,111,663 
2,309,335 
3,998,025 
6,861,350 
6,942,953 


Mean 

Square 

577,334 

999,506 

1,715,338 

1,735,738 


TABLE  V 

A  SUMMARY  OF  THE  YIELDS  OF  SEED  COTTON  IN  A  LATIN 
SQUARE  WHEN  TREATED  WITH  DUSTS 


Treatment 

Untreated 

GrainO 

Rootone 

Staleymone 


Mean  Yield  in  Grams 
1,360 
1,406 
1,163 
1,241 
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TABLE  VI 


ANALYSIS  OF  VARIANCE  OF  THE  EFFECTS  OF  DUST  SEED 
TREATMENTS  ON  THE  YIELD  OF  SEFD  COTTON 
Latin  Square  Grams 


Source  of 

Degrees  of 

Sum*  of 

Mean 

F  Values 

F 

Values 

Variation 

Freedom 

Squares 

Square 

Obtained 

Theoretical 

Total 

15 

402,436 

Rows 

3 

106,539 

35,513 

1.90 

4.76 

9.78 

Columns 

3 

36,130 

12,043 

.645 

4.76 

9.78 

Treatments 

3 

147,807 

42,269 

2.27 

4.76 

9.78 

Error 

6 

111,960 

18,660 

Dust  Treatments  on  Acala  Cotton  Seed.  A  summary  of  the  yields  of 
seed  cotton  from  dust  treated  and  untreated  plots  is  shown  in  Table  V.  An 
analysis  of  variance  was  calculated  and  is  shown  in  Table  VI.  There  was 
no  significant  difference  in  rows,  columns,  or  treatments. 

SUMMARY  AND  CONCLUSIONS 

The  results  obtained  in  this  experiment  can  be  interpreted  only  in  the 
light  of  the  conditions  of  this  particular  experiment.  This  is  true  because 
the  tests  were  made  during  only  one  growing  season,  thus  under  one  set 
of  conditions.  The  interpretation  of  these  results  allows  the  following  con¬ 
clusions: 

1.  Indoleacetic  acid,  phenylacetic  acid,  and  indolebutyric  acid  used 
as  seed  treatments  in  a  1:10,000  solution  decreased  the  yield  of  Plainsman 
milo  grain. 

2.  Treatment  of  Plainsman  milo  seed  with  two  ounces  of  GrainO  to  the 
bushel,  two  ounces  of  GrainO  Special  SNT  to  the  bushel  or  one-half  ounce 
of  Rootone  to  the  bushel  showed  no  significant  effects  on  the  yield  of  grain. 

3.  Treatment  of  cotton  seed  with  four  ounces  of  GrainO  to  the  bushel, 
one  ounce  of  Rootone  to  the  bushel,  or  four  ounces  of  Staleymone  to  the 
bushel  showed  no  significant  effects  on  the  yield  of  seed  cotton. 

4.  With  the  present  known  results,  none  of  the  treatments  used  in 
this  experiment  can  be  recommended  as  seed  treatments  for  cotton  or  grain 
sorghums  for  the  South  Plains  of  Texas. 
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CHEMICAL  AND  BIOLOGICAL  METHODS  OF  CURING  COF’FEE; 
FERMENTATION  STEP 


J.  N.  STERN 
Universidad  de  Nuevo  Leon 
Monterrey,  Mexico 

Every  one  knows  coffee,  the  extract  of  the  roasted  beans,  found  in  the 
fruit  of  Coffee  arabica,  and  practically  the  national  beverage  of  the  United 
States.  But  very  few  people  are  acquainted  with  the  different  processes 
necessary  to  obtain  the  finished  product,  which  at  least  in  North  America  is 
a  blend  of  different  kinds,  different  not  only  because  of  the  system  of  cur¬ 
ing,  but  also  because  of  the  altitude  at  which  the  coffee  shrubs  are  grown 
or  because  of  the  country  of  their  origin. 

There  are  two  general  ways  of  curing  coffee.  The  first  is  the  dry  pro¬ 
cess,  in  which  the  whole  berry  is  dried  in  the  sun  and  then  separated  in 
one  operation  from  the  skin,  pulp,  and  the  parchment  membrane  (the 
endocarp).  The  second  is  the  wet  method,  which  is  composed  of  four  dif¬ 
ferent  steps.  These  are: 

( 1 )  Removal  of  the  pulp  in  the  pulper. 

(2)  Solubilization  of  the  remaining  mucilage,  which  sticks  to  the 
parchment  (pectic  fermentation). 

(3)  Elimination  of  the  products  of  fermentation  by  washing. 

(4)  Drying  in  the  sun,  or  first  in  the  sun,  and  then  later  in  special 
dryers,  until  the  humidity  drops  to  12  or  13%. 

The  coffees  prepared  by  this  second  process  are  called  "sweet”  or 
"washed”  coffees  and  are  sold  at  a  higher  price  than  unwashed  coffees. 
The  dried  beans  are  blended  and  roasted  in  special  factories,  located  mostly 
in  the  consumers’  country. 

When  the  author  published  his  paper  entitled,  The  Fermentation  of 
Coffee  (12)  in  1946,  only  a  few  North  American  scientists  seemed  to  be 
interested  in  the  curing  process  of  this  bean.  It  is  true  that  this  process 
was  developed  as  an  empirical  synthesis  of  a  series  of  steps,  many  of  them 
negligible,  if  not  harmful,  but  all  made  with  the  purpose  of  preparing  a 
product,  which  would  be  accepted  not  only  in  the  domestic  but  also  in 
foreign  markets. 

In  the  last  five  or  six  years  this  situation  has  completely  changed,  due 
partly  to  collaboration  offered  by  the  American  Government  in  promoting 
agriculture  in  Latin  America  and  partly  to  the  higher  prices  paid  for  coffee 
in  the  world  market. 

Many  new  papers  have  been  published  on  this  subject;  and  Standard 
Brands,  which  sponsored  a  series  of  experiments  (8),  accepted  pectic  coffee 
fermentation  and  discarded  the  use  of  yeast,  which  during  many  years  was 
recommended  by  the  technicians  of  this  company  or  its  subsidiaries. 

In  the  present  paper  discussion  will  be  limited  to  the  fermentation 
step  only,  with  a  short  exposition  of  the  different  methods  now  in  use. 
These  methods  can  be  designated  as  biological,  biochemical  and  chemical. 
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THE  BIOLOGICAL  METHOD 

In  the  ""classicar’  curing  of  coffee,  the  fermentation  step  consists  in 
the  solubilization  of  the  mucilage,  which  remains  on  the  parchment  and  is 
composed  principally  of  pectins  and  similar  substances.  This  is  an  enzymatic 
process,  and  the  necessary  enzymes  are  present  in  the  pulp  of  the  coffee- 
cherry  (or  berry)  or  are  supplied  by  molds  or  bacteria  which  develop  swiftly 
in  the  fermentation  tanks.  It  is  a  matter  of  discussion  whether  the  presence 
of  micro-organisms  is  necessary  for  the  hydrolysis  of  pectins,  or  if  the  en¬ 
zymes  of  the  pulp  are  sufficient  for  this  purpose.  In  the  opinion  of  the 
author  the  molds  and  bacteria  are  responsible  principally  for  the  raising 
of  the  temperature  in  the  tanks,  thereby  speeding  the  reaction. 

In  1946  Pederson  and  Breed  (9)  published  a  paper  on  the  fermenta¬ 
tion  of  coffee.  This  is  an  important  paper,  because  it  shows  that  the  secon¬ 
dary  processes,  which  have  nothing  to  do  with  the  solubilization  of  the 
mucilage,  must  be  limited  to  the  production  of  ethanol  and  lactic  acid, 
which  does  not  harm  the  bean.  On  the  contrary,  acetic  and  butyric  acids 
impart  a  taste  and  odor  peculiar  to  the  so-called  "fermented”  coffee. 

The  duration  of  a  normal  fermentation  must  not  exceed  24-36  hours. 
Coffee  prepared  by  this  method  assumes  the  characteristics  of  "sweet” 
coffee  and  is  used  as  an  important  part  for  the  blend  of  the  so-called 
"American  coffee.” 

The  special  taste  of  sweet  coffee  is  probably  due  to  an  oxydation  and 
reduction  process.  Case  ( 1 )  was  the  first  who  gave  this  new  interpretation 
for  the  changes  in  the  coffees  prepared  by  the  wet  method.  He  timed  this 
process  with  the  step  of  "fermentation,”  but  it  can  be  easily  demonstrated 
that  the  first  changes  take  place  in  the  pulper  when  the  parchment  enters 
into  contact  with  water. 

THE  BIOCHEMICAL  METHOD 

Once  it  was  established  that  fermentation  served  only  for  the  purpose 
of  eliminating  the  mucilage,  a  new  method  was  worked  out  in  1930-51  by 
Johnson  and  Foote  (7).  This  method  uses  pectic  enzymes,  which  are  added 
to  the  beans  in  the  tanks,  speeding  the  dissolution  of  the  sticky  substance 
and  reducing  the  duration  of  the  process  to  few  hours  only.  The  time  de¬ 
pends  on  the  concentration  of  the  enzymes,  and  it  is  too  expensive  to  use 
massive  doses.  The  enzymes  are  produced  by  Standard  Brands  under  the 
trade  name  of  Benefax,  and  a  series  of  experiments  was  performed  with  good 
technical  results  in  Mexico  and  other  coffee  producing  countries.  The  cost 
of  the  process  is  still  a  major  problem. 

THE  CHEMICAL  METHODS 

Hydrolysis  and  Solubilization  of  Pectins.  It  is  interesting  to  note  that 
the  first  steps  to  dissolve  the  mucilage  by  chemical  methods  were  made 
about  100  years  ago.  In  1860,  in  Brazil,  ash  was  introduced  in  the  fermen¬ 
tation  tanks  to  speed  up  the  process.  Twelve  hours  was  considered  the  ap¬ 
propriate  limit  for  the  fermentation  step.  Hydrolysis  was  due  to  KOH. 
Later,  in  the  Republic  of  El  Salvador,  Fritz  (6),  Dias  Palacios,  and  Mata- 
moros  used  weak  bases,  such  as  Na2C03  or  (NH4)2C03  (4  and  5).  The 
experiments  were  discontinued  because  of  the  large  quantities  of  water 
needed  to  wash  out  the  remaining  soluble  chemicals.  In  1952  the  Centro 
Nacional  de  Agronomia  of  the  same  country  published  a  report  on  the 
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use  of  weak  solutions  of  NaOH  (3),  claiming  that  this  was  the  answer  to 
the  problem  and  emphasizing  the  fact  that  less  weight  was  lost  in  this  pro¬ 
cess  than  in  the  "classical”  method. 

Hydrolysis  of  Protopectin  and  Precipitation  of  Pectic  Acid.  This  is 
done  with  lime  in  order  to  obtain  calcium  pectate,  an  insoluble  product. 

In  1943  the  author  proposed  a  method  of  using  lime  to  precipitate  the 
pectins  as  calcium  pectate,  which  is  not  fermentable  and  can  remain  on 
the  parchment  during  the  drying  process  (10).  This  system  also  solves 
the  problem  of  "washing”  when  water  is  scarce.  It  was  a  current  joke  in 
El  Salvador  that  this  was  not  a  "washed”  but  a  "dry-cleaned”  coffee.  The 
coffees  obtained  are  not  distinguishable  from  those  prepared  in  the  normal 
way.  In  1944  several  samples  prepared  at  the  same  time  and  from  the  same 
sample  of  cherries,  in  part  processed  by  fermentation  and  in  part  by  the 
lime  process,  were  sent  to  the  most  important  roasting  factories  in  the  United 
States.  No  one  was  able  to  find  any  appreciable  differences,  and  by  using 
the  point  system,  it  was  found  that  the  coffee  prepared  with  lime  had  a 
slight  preference  (11).  The  same  results  were  obtained  in  1951,  when  the 
experiments  were  repeated  in  Mexico. 

It  is  necessary  to  point  out  that  the  use  of  biochemical  and  chemical 
processes  is  opposed  by  some  technicians,  e.g.,  Castro  of  El  Salvador  (2), 
who  presume  that  the  bean  of  a  good  coffee  has  living  cells  and  must  pass 
through  a  germination  process  which  coincides  with  the  24  or  36  hours  of 
fermentation.  According  to  this  view,  any  speeding  is  harmful.  These 
opinions  are  now  losing  ground.  If  no  differences  can  be  found  in  coffees 
processed  in  different  ways,  this  germination  cannot  be  restricted  to  the 
fermentation  step;  it  must  be  distributed  throughout  the  curing  period.  It 
is  generally  accepted  that  "dead”  beans  produce  an  inferior  coffee.  The 
final  appreciation  of  coffee  is  still  in  the  hands  of  the  professional  tasters. 

It  is  difficult  to  decide  which  of  the  proposed  systems  is  the  best,  for 
much  depends  on  local  conditions.  The  author  prefers  the  lime  process,  per¬ 
haps  understandibly,  since  he  originated  it.  It  is  the  easiest  and  most  rational 
way  of  curing  coffee,  and  it  is  the  only  fool-proof  method  that  will  pre¬ 
vent  spoilage  of  the  processed  coffee.  Furthermore,  hydrated  lime,  which  is 
inexpensive,  need  not  be  imported,  as  do  the  enzymatic  products  (13  and 
14).  The  consumer  will  of  course  have  the  last  word  on  this  subject. 

BIBLIOGRAPHY 

1.  Cash,  E.  Martin — 1936 — Fermentation  notes.  Coffee  Board  of  Kenya  Bull.  2:55. 

2.  Castro,  S. — 1947 — Porque  no  tuvo  exito  la  fermentacion  del  cafe  con  cal,  otras 

consideraciones.  Agricultura  (San  Salvador)  1  (1)  :  35-36. 

3.  Centro  Nacional  de  Agronomia.  Oficina  de  Informacion — 1952 — In- 

formacion  que  se  ha  piiblicado  sobre  el  nuevo  Metodo  de  Lavar  Cafe  descu- 
bierto  por  tecnicos  del  Centro  Nacional  de  Agronomia  de  Santa  Tecla.  El 
Salvador. 

4.  Choussy,  Felix — 1937 — Apuntes  de  Conferencia.  San  Salvador,  El  Salvador,  1940. 

5.  - 1941 — El  Cafe.  Tomo  IH,  San  Salvador,  El  Salvador,  C.  A. 

6.  Fritz,  A. — 1933 — Etudes  sur  la  Fermentation  de  Cafe,  (not  published).  El  Sal¬ 

vador,  C.  A. 

7.  Johnson,  W.  R.  and  H.  E.  Foote — 1951 — The  development  of  a  new  process 

for  curing  coffee  (abstract).  Pood  Technology  5  (supp.)  :  21. 


1953,  No.  4 
December 


Methods  of  Curing  Coffee 


43  5 


8.  Kaufman,  C.  W. — 1951 — Recent  advances  in  coffee  technology.  Food  Technol¬ 

ogy  5:  154-159. 

9.  Pederson,  Carl  S.  and  Robert  S.  Breed — 1946 — Fermentation  of  coffee.  Food 

Research  2  (2)  :  99-100. 

10.  Stern,  Jeannot — 1943 — Nuevas  Oriemaciones  en  el  Beneficiado  Humedo  del 

Cafe.  El  tratamiento  con  cal  permite  eliminar  la  Fermentacion  y  el  Lavado. 
■El  Cafe  de  El  Salvador.  13  (146). 

11.  — 1944- — El  empleo  de  la  Cal  en  el  Beneficiado  Humedo  del  Cafe.  Instituto 

Technologico  de  El  Salvador,  San  Salvador. 

12.  — 1946-48 — The  fermentation  of  coffee.  Proc.  and  Trans.  Tex  Acad.  Sci.  30(102- 

109). 

13.  -“-1946— La  Fermentacion  del  Cafe.  Rev.  de  la  Sue.  Mex.  de  Hist.  Nat.  7  (1-4)  : 

25-34. 

14.  — 1952 — Algunas  observaciones  sobre  "El  Nuevo  Metodo  de  Lavar  Cafe,  Des- 

cubierto  por  tenicos  del  Centro  Nacional  de  Agricultura.”  Comision  Na- 
cional  del  Cafe.  Boletin  Quincenal  ano  III,  47  (2-3);  48  (2-3). 


AN  APPLICATION  OF  MARKETING  RESEARCH  TECHNIQUES 
TO  CHURCH  ADMINISTRATION 


RALPH  B.  THOMPSON 
The  University  of  Texas 

The  term  '"marketing  research”  refers  to  all  efforts  of  business  execu¬ 
tives  or  specialized  marketing  research  agencies  to  apply  the  methods  used 
ill  the  social  sciences  to  the  solution  of  marketing  problems.  A  survey 
made  in  1946  under  the  auspices  of  the  American  Marketing  Association 
found  that  3  8%  of  the  4,786  companies  responding  to  the  questionnaire 
reported  doing  marketing  research  of  some  kind  (Heusner,  et  al,  1947). 
Firms  producing  consumer  goods  were  more  likely  to  engage  in  this  activ¬ 
ity  than  those  producing  industrial  goods.  The  survey  showed  that  46.4% 
of  the  former  did  some  kind  of  marketing  research.  Of  these,  84.4%  re¬ 
ported  that  they  attempted  to  determine  sales  potentials,  72.3%  made  de¬ 
mand  studies,  and  72.3%  set  quotas  for  salesmen  and/or  dealers  {ibid,  p.  84). 

The  purpose  of  the  present  study  was  to  find  out  to  what  extent  these 
techniques  of  marketing  research  could  be  applied  to  church  administration. 
In  order  to  do  this,  it  must  be  assumed  that  the  problems  of  church  admin¬ 
istration  are  similar  to  those  of  business  administration.  At  first  thought  it 
might  seem  that  the  two  are  more  unlike  than  alike.  Certainly,  there  is  a 
difference  of  motive — for,  as  everyone  knows,  those  who  are  in  a  position 
of  directing  religious  enterprises  do  not  have  as  their  goal  the  earning  of 
profits.  On  the  other  hand,  the  church  administrator,  like  his  counterpart 
in  a  business  firm,  seeks  to  persuade  as  large  a  number  of  people  as  possible 
to  utilize  the  services  his  institution  offers.  The  sales  manager  of  a  manu¬ 
facturing  company  feels  he  has  an  obligation  to  the  company  to  get  as 
many  customers  as  possible.  The  church  administrator  feels  that  he  has  an 
obligation  to  God  and  to  his  denomination  to  obtain  as  many  members  as 
possible.  Since  each  Christian  denomination  differs  from  the  others  in  one 
or  more  ways,  and  since  there  is  a  certain  amount  of  rivalry  between  them 
in  their  efforts  to  win  converts  from  among  the  un-churched,  it  might  be 
said  that  each  body  has  developed  a  "differentiated  product”  with  which  it 
engages  in  imperfect  competition  with  the  others. 

THE  IMMEDIATE  PROBLEM 

The  specific  purpose  of  this  study  was  to  answer  some  questions  raised 
by  the  Right  Reverend  John  E.  Hines,  Bishop  Coadjutor  of  the  Diocese  of 
Texas  of  the  Protestant  Episcopal  Church.  These  were: 

(1)  Where  in  the  Diocese  are  there  places  which  offer  a  favorable 
opportunity  for  expansion  of  the  work  of  the  Episcopal  Church  which  are 
not  being  developed? 

(2)  Contrariwise,  in  what  communities  may  the  Diocese  be  expend¬ 
ing  its  limited  funds  and  manpower  in  efforts  to  start  or  maintain  missions 
that  do  not  give  great  promise  because  of  an  unfavorable  economic  or  social 
environment? 
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(3)  How  does  the  Episcopal  Church  compare  with  other  leading  de¬ 
nominations  in  the  coverage  of  this  area  with  its  services? 

To  obtain  the  answers  to  these  questions  one  needs  but  follow  pro¬ 
cedures  similar  to  those  he  would  use  if  he  were  trying  to  determine  the 
market  potentials  for  the  Maytag  Washing  Machine  Company  or  the  En¬ 
cyclopedia  Brittanica  in  the  same  area.  The  first  step  is  to  discover  and  iso¬ 
late  other  economic  and  social  factors  which  parallel  membership  in  the 
Episcopal  church.  The  second  is  to  combine  those  series  which  show  a  high 
degree  of  correlation  with  Episcopal  membership  into  an  index  by  means 
of  regression  analysis.  Before  these  procedures  are  described  in  more  detail, 
a  few  words  should  be  said  about  the  institution  being  studied. 

The  Diocese  of  Texas  is  one  of  the  74  geographical  divisions  of  the 
Protestant  Episcopal  Church  in  the  United  States.  Although  this  is  an 
American  church,  it  is  closely  related  to  the  Church  of  England  in  doctrine 
and  polity.  Its  particular  brand  of  Christianity  is,  in  some  ways,  unique. 
Like  the  Roman  Catholic  Church,  it  believes  that  it  continues  the  traditions 
of  the  historic  church  which  have  been  built  up  over  the  centuries  since 
the  time  of  Jesus  Christ  and  the  Apostles.  In  this  sense  Episcopalians  believe 
themselves  to  be  truly  Catholic.  But  like  other  Protestant  churches  it  is  re¬ 
formed.  It  denies  the  supremacy  of  the  Pope,  it  holds  its  services  in  English, 
and  it  has  thrown  out  many  of  the  ideas  and  customs  introduced  into  Chris¬ 
tian  practice  during  the  Middle  Ages.  The  Diocese  of  Texas  includes  those 
fifty-seven  counties  lying  south  of  the  northern  line  of  Lampasas,  Coryell, 
McLennan,  Limestone,  Freestone,  Anderson,  Smith,  Gregg,  and  Marion 
counties,  and  east  of  the  western  line  of  the  counties  of  Matagorda,  Whar¬ 
ton,  Colorado,  Fayette,  Bastrop,  Travis,  Burnet,  and  Lampasas.  The  area 
comprises  49,480  square  miles  and  had  a  population  in  1950  of  2,677,962. 

THE  SELECTION  OF  PARALLEL  SOCIAL  AND  ECONOMIC  FACTORS 

A  number  of  studies  have  been  made  which  trace  the  relationship  be¬ 
tween  economic  and  social  factors  and  membership  in  the  various  religious 
bodies  in  the  United  States.  One  of  the  most  recent  and  complete  of  such 
studies  is  the  one  made  for  the  Department  of  Research  and  Education  ot 
the  Federal  Council  of  Churches  of  Christ  in  America  by  Wesley  Alien- 
smith  at  the  Office  of  Public  Opinion  Research,  Princeton  University 
(Allensmith,  1948).  The  method  used  was  to  compare  religious  affiliation 
of  the  respondents  to  a  number  of  public  opinion  polls  taken  in  1945  and 
1946  with  other  "controP’  items  such  as  economic  class,  educational  level, 
and  occupation.  From  the  findings  of  this  study  one  can  deduce  that  Episco¬ 
palians  tend  to  be  members  of  the  upper  class  to  a  greater  degree  than  do 
the  people  in  the  entire  sample;  they  have  attained  higher  educational  levels; 
they  engage  in  those  types  of  employment  offering  the  most  prestige  and 
income;  and  they  tend  to  live  in  medium-sized  cities  and  not  in  the  country. 

After  examining  current  statistical  data,  the  writer  turned  his  attention 
to  the  historical  development  of  the  Diocese  of  Texas  and  found  that  sev¬ 
eral  trends  were  clearly  indicated. 

1.  From  the  founding  of  the  first  Episcopal  church  in  Matagorda  in 
1839  until  the  last  several  decades  the  Episcopal  Church  followed  the  prac¬ 
tice  of  finding  communities  in  which  Episcopalians  were  located  and  bring¬ 
ing  the  church  to  them,  rather  than  going  out  generally  to  proselyte. 
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2.  Since  the  Episcopalians  who  came  to  Texas  from  other  states  have 
tended  to  settle  in  the  commercial  centers,  so  has  this  church  come  to  be 
concentrated  in  urban  communities.  The  Census  of  Religious  Bodies,  193  6, 
shows  that  71%  of  the  Epicopalians  lived  in  the  six  largest  cities  in  the 
diocese  as  compared  with  3  5  %  of  all  church  members.  Only  the  Jewish 
Congregations  had  a  greater  urban  concentration  than  did  the  Episcopal 
Church, 

3.  Because  of  its  aristocratic  nature,  the  Episcopal  Church  was  handi¬ 
capped,  particularly  during  the  nineteenth  century,  in  appealing  to  the  pre¬ 
dominantly  rural  population  of  the  area.  Its  clergy  were  drawn  largely 
from  the  more  cultured  cities  of  the  East  and  hesitated  to  locate  in  pioneer 
communities.  Its  traditional  liturgy  and  creeds  did  not  appeal  to  the  simple 
tastes  of  farming  folk.  They  much  preferred  the  plain,  old-fashioned  gospel 
as  preached  by  the  itinerant  clergy  of  more  evangelical  denominations. 

The  analysis  of  other  studies  and  of  the  historical  development  of  the 
Diocese  suggest  then  that  the  Episcopal  Church  draws  a  sizable  proportion 
of  its  constituents  from  among  professional,  business,  and  white-collar 
groups.  Consequently  one  may  suppose  that  if  series  of  data  on  occupations 
were  selected,  some  would  be  found  which  show  correlation  with  Episcopal 
membership  county  by  county.  Four  such  series  were  so  elected.  It  is  also 
clear  that  correlation  could  be  expected  between  Episcopal  membership  per 
county  and  the  proportion  of  urban  population.  Likewise  education  would 
appear  to  be  a  significant  attribute  of  Episcopalians.  The  measure  selected 
to  measure  education  was  the  number  of  persons  completing  four  or  more 
years  of  college. 

Since  the  Episcopal  Church  seems  to  draw  its  members  from  the  upper 
classes,  income  should  be  selected.  Actually  five  different  measures  of  in¬ 
come  of  the  fifty-seven  counties  were  used  in  preliminary  analysis.  Because 
the  Diocese  has  a  small  proportion  of  Negro  members,  it  was  thought  that 
native  white  population  might  be  positively  correlated  with  Episcopal 
membership, 

A  friend  of  the  writer  suggested  the  thesis  that  the  Episcopal  Church 
might  do  best  in  counties  which  have  been  more  highly  secularized.  Seculari¬ 
zation  is  a  concept  developed  by  sociologists  to  describe  the  movements 
of  people  into  and  out  of  a  community  and  the  breakdown  of  its  traditional 
mores.  Dr.  Austin  Porterfield  described  an  index  for  measuring  the  degree 
of  secularization  (Porterfield,  1951)  which  consisted  of  four  factors:  urbani¬ 
zation,  industrialization,  non-nativity  of  the  population,  and  non-member¬ 
ship  in  churches.  No  measure  of  non-nativity  by  county  could  be  found. 
Industrialization  was  measured  by  the  value  added  by  manufacture.  Non¬ 
church  membership,  as  indicated  by  subtracting  the  church  membership 
figure  from  the  Census  of  Religious  Bodies  for  193  6  from  the  population 
figure  for  1940,  was  added  to  the  list  of  factors  to  be  used  in  preliminary 
correlation  analysis. 

To  some  it  would  seem  that  membership  in  one  denomination  would 
be  more  closely  associated  with  membership  in  all  bodies,  rather  than  with 
non-membership.  Consequently  this  series  was  also  selected.  In  addition, 
the  number  of  Methodists,  Baptists,  and  Presbyterians  in  each  county  were 
also  compiled  at  considerable  labor  to  determine  the  extent  of  similarity 
in  the  distribution  of  their  membership  throughout  the  diocese  to  that  of 
the  Episcopal  Church. 
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From  a  strictly  logical  point  of  view  it  would  seem  likely  that  internal 
as  well  as  external  factors  determine  the  extent  of  success  or  failure  of  a 
church  in  any  given  area.  The  problem,  however,  is  to  find  internal  factors 
that  can  be  measured.  Such  things  as  length  of  tenure  of  individual  clergy¬ 
men,  personality  of  clergymen  and  leading  laymen,  quality  of  the  choir  or 
church  school  were  considered  and  rejected  because  of  the  difficulty  or 
impossibility  of  measuring  their  influences  objectively.  One  factor  that  is 
available,  however,  is  the  number  of  years  since  the  first  Episcopal  church 
was  started  in  each  county.  The  longer  an  institution  operates  in  a  com¬ 
munity  the  more  prestige  it  may  acquire,  the  more  it  can  draw  upon  chil¬ 
dren,  other  relatives,  and  friends  of  its  communicants  to  swell  its  rolls. 
This  was  the  last  factor  to  be  selected  for  analysis. 

This  list  of  factors  includes  those  characteristics  which  have  been 
found  most  frequently  to  describe  Episcopalians,  and  the  data  are  readily 
available.  No  claim  is  made,  however,  that  the  list  of  possibilities  has  been 
exhausted. 


correlation  analysis 

Before  correlation  analysis  could  begin  it  was  necessary  to  eliminate 
the  spurious  effect  of  the  third  factor  common  to  most  of  them — population. 
This  was  done  by  dividing  the  value  for  each  county  in  each  series  by  the 
population  of  that  county.  The  correlations  developed  are,  therefore,  be¬ 
tween  the  rate  of  Episcopal  members  per  10,000  people  and  the  rate  of 
each  of  the  other  variables  to  the  population.  The  exception  to  this  process 
was  the  number  of  years  since  the  first  church  was  started.  The  use  of  per 
capita  data  also  eliminates  the  problem  of  non-normality  which  would  other¬ 
wise  exist  due  to  the  fact  that  Harris  County  contains  30%  of  the  people 
who  live  in  the  fifty-seven  counties.  The  presence  of  this  extreme  case  re¬ 
sults  in  extremely  high  coefficients  of  correlation  when  unadjusted  data 
are  used. 

The  first  step  in  correlation  analysis  is  to  construct  scatter  diagrams 
between  the  number  of  Episcopal  members  per  10,000  people  (the  depend¬ 
ent  variable)  and  each  of  the  other  series  of  data  mentioned  above  (the 
independent  variables).  This  is  a  much  quicker  method  of  determining 
whether  or  not  correlation  exists  than  that  of  computing  coefficients  of 
correlation  mathematically.  When  this  was  done  ten  of  the  original  factors 
were  found  to  have  apparent  correlation  with  Episcopal  membership  suffi¬ 
cient  to  warrant  the  expenditure  of  time  necessary  to  compute  correlation 
coefficients  mathematically.  This  was  then  done.  The  ten  variables  and  the 
resulting  coefficients  of  correlation  are  as  follows: 

TABLE  I 

THE  COEFFICIENTS  OF  CORRELATION  AND  OF  DETERMINATION  BETWEEN 
EACH  OF  TEN  INDEPENDENT  VARIABLES  AND  THE  NUMBER  OF  EPISCOPAL 
COMMUNICANTS  PER  10,000  PEOPLE 

Independent  Variable  r 

Number  of  years  since  first  church  was  started _  .794  .631 

Circulation  of  Life  magazine  per  1,000 _ 702  .493 

Number  of  proprietors,  managers,  and  officials, 

except  farm,  per  100,000  _  .650  .423 
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Sales  Management’s  Index  of  Effective  Buying  Income 

for  ten  people  _  .642  .412 

Persons  who  had  completed  four  or  more  years 

of  college  per  10,000  _  .645  .416 

Percentage  of  urban  population _  .65  5  .43  0 

Amount  of  retail  sales  per  ten  persons _  .527  .393 

Circulation  of  Saturday  Evening  Post  per  10,000 _  .619  .3  83 

Amount  of  bank  deposits  per  ten  persons _  .611  .373 

Number  of  employed  professional  workers  per  100,000 _  .547  .299 


In  order  to  construct  an  index  of  Episcopal  strength,  it  is  necessary  to 
combine  the  data  from  several  of  these  series.  Since  the  greater  the  number 
of  factors  to  be  combined,  the  greater  the  complexity  of  the  index,  it  is 
desirable  to  eliminate  as  many  of  the  factors  as  can  be  done  conscientiously. 
An  approach  to  this  process  is  to  determine  the  amount  of  inter-correlation 
that  may  exist  between  the  independent  variables.  Where  high  inter-correla¬ 
tion  is  found,  one  of  the  variables  can  be  spared  from  the  regression  analysis 
because  it  would  add  little  to  the  final  index. 


TABLE  II 


THE  COEFFICIENTS  OF  CORRELATION  (r)  AND  OF  DETERMINATION  (r;>) 
BETWEEN  SEVERAL  OF  THE  INDEPENDENT  VARIABLES 


Independent  variable 
Effective  buying  income 


Percentage  of  urban 
population. 


Dependent  variable  r  r^ 

No,  of  proprietors, 

managers,  and  officials, 

except  farm  _  .874  .764 

Circulation  of  Life _  .869  .75  5 

No.  of  people  who  had 
completed  4  or  more 

years  of  college  _  .667  .444 

No.  of  years  since  the 

founding  of  first  church....  .481  .231 

Index  of 

Effective  Buying  Income....  .654  .428 


Just  because  there  is  a  high  degree  of  correlation  between  two  vari¬ 
ables  doesn’t  mean  that  one  is  necessarily  the  cause  of  the  other.  As  between 
income  and  the  readership  of  Life  magazine,  it  would  be  more  logical  to 
retain  the  former.  If  we  should  use  income  as  a  factor  in  constructing  the 
final  index,  there  would  be  no  reason  to  retain  the  number  of  proprietors, 
managers,  and  officials,  especially  since  the  estimates  of  income  are  made 
annually  while  the  number  of  proprietors,  etc.,  comes  out  only  once  in  a 
decade.  If  Sales  Management’s  Estimate  of  Effective  Income  is  retained,  the 
other  indicators  of  income  which  had  lower  correlations  with  the  dependent 
variable  could  be  dispensed  with,  namely,  retail  sales  and  bank  deposits. 
The  circulation  of  the  Saturday  Evening  Post  can  be  eliminated  for  the 
same  reason  as  Life  circulation.  The  number  of  employed  professional  work¬ 
ers  has  a  very  low  coefficient  with  the  test  series.  This  process  of  elimina¬ 
tion  leaves  five  series:  (1)  the  number  of  years  since  the  first  church  was 
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started,  (2)  Index  of  Effective  Buying  Income,  (3)  percentage  of  urban 
population,  (4)  the  number  of  people  completing  four  or  more  years  of 
college,  and  ( 5 )  the  dependent  variable,  the  number  of  Episcopal  communi¬ 
cants. 

The  next  step  was  to  compute  coefficients  of  multiple  determination 
using  each  possible  pair  of  two  independent  variables,  each  possible  group 
of  three,  and  all  four,  When  this  was  completed  it  was  found  that  the 
combination  providing  the  highest  coefficient  was  the  set  of  three  com¬ 
prising  number  of  years  since  the  first  church  was  started.  Index  of  Effec¬ 
tive  Buying  Income,  and  number  of  persons  completing  four  or  more  years 
of  college.  Hence  there  was  no  point  in  retaining  urban  population.  This 
combination  of  three  independent  variables  should  explain  about  75%  of 
variation  from  county  to  county  of  the  dependent  variable.  It  can  be  as¬ 
sumed  that  the  unexplained  variation  is  due  to  internal  factors  or  other 
external  factors  not  subject  to  measurement. 

CONSTRUCTION  OF  THE  INDEX 

By  the  use  of  multiple  regression  analysis  one  is  able  to  estimate  for 
each  county  the  computed  value  of  the  dependent  variable  based  on  the 
combined  values  of  the  selected  independent  variables.  That  is,  one  may  say 
how  many  Episcopal  communicants  each  county  should  have  if  the  three 
variables  were  the  only  factors  affecting  membership.  The  estimating  equa¬ 
tion  used  was: 

X  cl.234  =  a  1.234  +  b  12.34  X2  +  b  13.24  X3  +  b  14.23  X4 

When  all  the  necessary  calculations  had  been  made  and  checked,  the 
equation  became:  Xcl.234= -49.30406  +  .75  532X2  +  .41323X3  +  .2466OX4. 
By  substituting  the  appropriate  value  of  X2,  X3,  and  X4  for  each  county, 
the  computed  value  for  the  dependent  variable  is  determined.  This  is  the 
Index  of  Episcopal  Strength. 

APPLICATIONS  OF  THE  INDEX 

The  index  can  be  used  to  answer  the  questions  raised  at  the  begin¬ 
ning  of  this  paper  in  the  following  way.  First,  it  can  show  which  counties 
in  the  Diocese  offer  the  most  promising  opportunities  for  missionary  activi¬ 
ties.  For  example,  Fayette  County  should  have,  according  to  the  Index,  75 
communicants  per  10,000  people,  or  a  total  of  181.  The  actual  number 
was  zero,  indicating  a  100%  deficiency.  The  percentage  of  deficiency  is 
not  as  important  for  planning  purposes  as  the  actual  number.  Travis  County, 
for  example,  had  a  deficiency  of  only  18.1%,  but  because  of  its  large  popu¬ 
lation,  a  shortage  of  467  communicants  is  indicated.  If  all  of  the  twenty 
counties  which  fell  short  of  their  quotas  by  1 5  %  or  more  were  brought 
just  up  to  them  (and  not  up  to  those  counties  which  exceeded  their  quotas), 
1974  more  communicants  would  be  added  to  the  rolls  of  the  church. 

The  second  question  raised  was  where  are  mission  funds  being  ex¬ 
pended  in  areas  that  do  not  give  much  promise?  Jasper  County  has  a  quota 
of  -2  and  an  actual  number  of  communicants  of  13  per  ten  thousand  people. 
It  would  seem  that  results  have  been  very  good  considering  the  potential, 
but  in  view  of  the  fact  that  the  population  of  the  county  is  only  20,049, 
one  could  well  wonder  whether  much  further  increase  can  be  expected. 
Houston  and  Burnet  counties  are  two  more  which  have  quotas  so  small  as 
to  make  one  question  the  desirability  of  continuing  the  struggle  to  main- 
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tain  missions  there  at  Diocesan  expense,  when  much  greater  opportunities 
exist  elsewhere.  In  addition  to  Jasper  and  Houston,  there  are  nine  other 
counties  among  the  fifty-seven  which  have  quotas  of  zero  or  less. 

To  answer  the  third  question,  as  was  mentioned  before,  the  rate  of 
Episcopal  communicants  for  each  of  the  fifty-seven  counties  was  plotted 
on  scatter  diagrams  with  those  for  the  Baptists,  Presbyterians,  and  Metho¬ 
dists.  Of  these,  only  the  Presbyterians  showed  even  a  slight  correlation  with 
Episcopalians. 

LIMITATIONS 

There  are  several  limitations  to  the  type  of  study  just  described  which 
should  be  mentioned.  ( 1 )  Much  of  the  data,  especially  those  relating  to 
the  churches,  have  been  collected  by  people  who  are  not  statisticians  and 
who  have  a  natural  inclination  to  paint  the  best  picture  possible  of  the 
status  of  their  organizations.  (2)  Some  of  the  series  used,  such  as  Sales 
Management’s  Effective  Buying  Income  are  estimates.  (3)  Some  others  of 
the  series  of  data  are  somewhat  out  of  date.  While  church  membership  fig¬ 
ures,  population,  and  as  many  of  the  others  as  possible  are  for  1950,  there 
are  several  which  date  back  to  1940  and  even  to  1936.  The  number  of 
persons  who  completed  four  or  more  years  of  college  was  taken  from  the 
1940  Census.  (4)  City  data  rather  than  county  data  would  have  produced 
a  more  useful  index,  but  many  of  the  economic  statistics  are  not  available 
by  city,  or  at  least  by  small  city. 

In  addition  to  limitations  of  data  there  are  some  of  method.  A  con¬ 
siderable  amount  of  judgment  is  needed  in  selecting  factors  for  correlation 
analysis  and  in  evaluating  scatter  diagrams.  One  can  determine  the  signifi¬ 
cance  of  r  in  correlation  analysis  by  use  of  the  t  test,  which  shows  whether 
or  not  the  correlation  between  the  two  variables  in  the  entire  universe  (the 
United  States)  is  greater  than  zero.  The  test  was  run  for  both  the  highest 
and  the  lowest  r’s  used  herein.  The  hypothesis  that  the  correlations  indi¬ 
cated  could  not  be  due  to  sampling  variations  in  a  universe  where  r  is  zero, 
was  upheld.  Further  checks  which  are  too  involved  to  explain  here  were 
also  used  to  test  the  reliability  of  the  final  index. 
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BLOOD  PLASMA  SUBSTITUTES:  IL  A  PAPER  CHROMATOGRAPHIC 
METHOD  FOR  THE  DETERMINATION  OF 

POLYVINYLPYRROLIDONE-- 


GERALD  F.  DOEBBLER 
University  of  Texas 

Clarification  of  the  in  vivo  fate  of  the  blood  plasma  substitute, 
polyvinylpyrrolidone,  has  been  hindered  by  a  lack  of  adequate  analytical 
procedures  for  the  quantitative  determination  of  low  concentrations  of  this 
polymer  ( 3 ) .  All  biochemical  investigations  have  utilized  one  of  several 
rather  nonspecific  methods,  including  reaction  of  the  PVP  carbonyl  group 
with  iodine  solution  followed  by  colorimetric  reading  ( 1,6,7,8,9,10,1 1 ) , 
precipitation  with  trichloroacetic  acid  (after  protein  removal  with  ferric 
hydroxide,  etc.)  and  subsequent  Kjeldahl  nitrogen  analysis  (2,1,4,5,6,10,15), 
viscometric  determination  ( 1 ) ,  adsorption  of  dye  and  colorimetric  read¬ 
ing,  or  conversion  to  an  iodine  complex  followed  by  distillation  of  the  iodine 
into  alkali  in  which  the  iodide  ion  can  be  titrated  ( 1 ) .  At  least  one  re¬ 
searcher  has  suggested  the  use  of  fluorescent  analyses  for  PVP  and  other 
high  polymers  (12). 

The  avoidance  of  analytical  difficulties  by  a  direct  tracer  study  of 
PVP  has  thus  far  been  impossible,  since  the  polymer  is  a  product  of  high- 
pressure  Reppe  acetylene  reactions,  not  easily  adapted  to  laboratory  synthesis 
of  labeled  polymer  ( 3  )  . 

The  present  study  was  designed  to  investigate  the  possible  application 
of  paper  partition  chromatographic  techniques  in  providing  a  simple,  spe¬ 
cific,  accurate,  and  sensitive  analytical  procedure  for  the  determination  of 
polyvinylpyrrolidone. 


EXPERIMENTAL 

Materials  and  Methods.  A  standard  solution  of  polyvinylpyrrolidone 
was  prepared  by  rapidly  weighing  a  sample  of  the  polymer,  which  had  pre¬ 
viously  been  dried  from  alcoholic  solution  over  anhydrous  calcium  chloride 
in  vacuum  for  seventy-two  hours,  into  a  clean  weighing  bottle.  No  attempt 
to  obtain  a  predetermined  amount  was  made,  but  only  to  weigh  accurately 
a  sample  of  the  hydroscopic  polymer.  The  weighed  sample  was  transferred 
quantitatively  to  a  100  ml  volumetric  flask  and  diluted  to  volume  with 
95%  ethanol  to  give  a  solution  containing  44.6  mg  of  PVP  per  5  ml.  A 
second  solution  was  prepared  by  dilution  of  10  ml  of  the  first  to  100  ml 
with  ethanol.  These  two  solutions  were  used  in  all  succeeding  studies. 

In  order  to  select  a  suitable  indicator,  unchromatographed  PVP  spots 
on  Whatman  No.  1  filter  paper  were  treated  with  each  of  the  following 
reagents  and  viewed,  along  with  untreated  spots,  under  visible  and  ultra  violet 

*  Judged  as  the  best  paper  presented  before  the  Collegiate  Academy  at  the  annual 
meeting  of  the  Texas  Academy  of  Science,  1952. 

* *  *  Supplied  gratis  by  General  Aniline  and  Film  Corporation,  Development  Depart¬ 
ment,  New  York, 
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light.  Phenylliydrazine,  bismuth  iodide  (Kraut-Dragendorff  Reagent)  (14), 
potassium  iodoplatinate  (14),  and  alkaline  ethanolic  picric  acid  (13)  were 
used.  Bismuth  iodide  gives  a  bright  orange  spot  against  a  golden-yellow 
background;  potassium  iodoplatinate  gives  a  brown  spot  against  a  pink  back¬ 
ground.  The  other  reagents  gave  no  colors,  and  ultra  violet  failed  to  en¬ 
hance  either  the  developed  colors  or  render  untreated  PVP  visible. 

All  chromatograms  were  spotted  on  8x9  inch  sheets  of  Whatman 
No.  1  filter  paper  so  that  eight  spots  were  obtained  at  one-inch  intervals 
along  a  base  line  running  the  length  of  the  9-inch  dimension  and  one  inch 
from  the  edge  of  the  paper.  Spotting  was  done  with  5  A  micropipettes;  the 
procedure  and  equipment  essentially  as  outlined  by  Williams,  et  aL,  (13) 
being  used. 

Sets  of  spotted  sheets  were  rolled,  stapled,  and  run  by  ascending  chrom¬ 
atography  in  solvents  contained  in  petri  dish  covers  placed  in  the  bottoms 
of  large  glass  or  earthenware  crocks  covered  with  glass  plates. 

After  the  solvents  had  ascended  to  within  one  or  two  inches  of  the 
top  (5-8  hours)  the  sheets  were  removed,  dried  in  air,  and  dripped  into 
the  respective  solutions,  bismuth  iodide  or  potassium  iodoplatinate.  Sheets 
were  then  washed  by  brief  immersion  in  very  dilute  nitric  acid  solution 
(0.5  ml  cone,  acid  per  2  liters  of  water)  and  read  or  marked  for  later  read- 
ing. 

Ex l)eri mental  Scries  I  and  IE  Duplicate  sheets  were  spotted  with  5,  10, 
15,  and  20  A  (microliters)  of  the  higher  concentration  PVP  solution  so 
that  two  sets  of  four  spots  each  resulted  per  sheet.  Sets  of  spotted  sheets 
were  run  in  each  of  the  following  solvents. 

Butanol-water  (saturated  solution  of  water  in  butanol) 

Butanol-acetic  acid-water  (80:  20:  20) 

Butanol-ethanol-water  (80:20:20) 

Ethanol-hydrochloric  acid  (80:  20;  0.1  N  HCl) 

Ethanol-sodium  hydroxide  (80:  20;  0.1  N  NaOH) 

Phenol  (100  gms  saturated  with  6.3%  sodium  citrate  and  3.7%  sodium 
dihydrogen  phosphate) 

Lutidine-water  (65:  3  5  ) 

All  solvents,  except  ethanol-sodium  hydroxide,  are  described  in  Bio- 
chemical  Institute  Studies  lY,  University  of  Texas  Publication  No.  5109, 
by  Berry,  ct  aL  (13). 

The  chromatograms  were  cut  into  two  sheets  containing  four  spots 
each  and  developed  with  bismuth  iodide  and  iodoplatinate  respectively. 

The  qualitative  results  of  these  duplicate  sheets  are  tabulated  in  Table 
I;  quantitative  measurements  are  tabulated  in  Table  IL 

Experimental  Series  III  and  IV.  These  two  series  were  essentially  re¬ 
peats  of  the  first  two  series;  identical  PVP  concentrations  being  used.  Bu¬ 
tanol-ethanol,  phenol,  ethanol-hydrochloric  acid,  and  ethanol-sodium  hydrox¬ 
ide  were  used  as  solvents.  Results  were  qualitatively  identical  and  quantita¬ 
tively  very  similar  to  the  first  sheets. 

Experimental  Series  V  and  VL  In  series  V  and  VI,  duplicate  sheets 
containing  low  PVP  levels  of  4.5,  44.6,  49.1,  8.9,  53,5,  13.3,  57.9,  and 
17.8  gamma/spot  were  chromatographed  in  ethanol,  ethanol-hydrochloric 
acid,  butanol-ethanol,  phenol,  and  aqueous  (10%)  sodium  citrate.  Single 
spots  were  placed  at  one  in  inch  intervals  and  additional  spots  of  4.5  y  and 
44.6  y  of  PVP  were  overlaid  with  10  A  and  20  A  of  whole  urine,  and  spots 
of  44.6  y  of  PVP  were  overlaid  with  10  A  of  1:1  ethanolic  blood  filtrate. 
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TABLE  I 

Butanol- 

Ethanol 

Base-line  spot  with  upward  streak  whose  area  increases 
with  concentration.  -  (At  low  PVP  levels,  no  streaking  oc¬ 
curs  and  the  base  spot  is  related  in  intensity  to  concentra¬ 
tion) 

Butanol- 

water 

Same  as  Butanol-ethanol.  (Low  PVP  concentrations  were 
not  studied) 

Butanol- 
acetic  acid 
water 

Same  as  Butanol-ethanol.  (Low  PVP  concentrations  were 
not  studied) 

Ethanol- 

Hydrochloric 

acid 

Solvent  front  tear-shaped  spot,  whose  area  increases  with 
concentration.  (Low  PVP  concentrations  give  identical 
results ) 

Ethanol- 

Sodium 

Hydroxide 

Same  as  Ethanol-sodium  hydroxide.  (NaOH  tends  to 
give  some  spots,  irregular  in  shape,  which  may  be  due  to 
the  sodium) 

Ethanol 

Base  spot,  containing  most  of  the  PVP,  and  an  irregular 
solvent  front  spot  whose  area  increases  with  concentration 
Solvent  front  tear-shaped  spot  whose  area  increases  with 
concentration.  Very  faint  base-line  spot. 

Phenol 

Solvent  front  tear  shaped  spot  whose  area  increases  with 
concentration.  Very  faint  base-line  spot. 

Lutidine 

Base-line  spot  whose  area  and/or  intensity  does  not  vary 
with  concentration. 

Citrate 

No  spot  is  obtained. 

TABLE  II 

Solvents 

QUANTITATIVE  RESULTS 

Area  mm^/spot  at  each  PVP  cone. 

44.6  ug  .  89.2  ug  133.8  ug  178.4  ug 

Butanol- 

ethanol 

113  225  404  606 

98  224  381  600 

119  261  398  618 

81  201  405  700 

Butanol- 

water 

133  355  660  960 

105  201  295  405 

Butanol- 
acetic  acid- 
water 

340  610  775  915 

Ethanol- 

hydrochloric 

acid 

8  52  71  107 

31  73  86  113 

24  67  no  145 

23  52  84  140 

Ethanol- 

sodium 

hydroxide 

22  32  45  111 

28  68  97  167 

20  42  80  118 

17  36  48  129 

Phenol 

48  50  52  118 

35  72  107  216 

55  104  133  200 

46  83  92  187 
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TABLE  III 


Solvent 

QUANTITATIVE  RESULTS 

Area  mm^/spot  at  each 

PVP 

cone. 

44.6 

4.3 

49.1 

8.9 

53.5 

13.3 

57.9 

17.8 

Ethanol- 

ug 

ug 

ug 

ug 

ug 

ug 

ug 

ug 

hydrochloric 

32 

2 

26 

4 

30 

5 

37 

8 

acid 

32 

3 

30 

5 

30 

— 

38 

— 

30 

2 

33 

5 

45 

7 

45 

8 

31 

2 

36 

7 

43 

10 

48 

13 

(Average) 

31 

2 

31 

5 

37 

7 

42 

10 

Ethanol- 

hydrochloric 

acid 

( Blood ) 

37 

(Blood) 

37 

(Urine) 

38 

2 

(Urine) 

37 

2 

Table  I  shows  the  qualitative  results  of  these  sheets.  Table  III  gives 
quantitative  results  on  the  ethanol-hydrochloric  acid  sheets,  including  those 
with  blood  and  urine.  Phenol  and  ethanol  sheets  were  not  measured  but  re¬ 
sembled  ethanol-hydrochloric  acid  sheets  except  for  faint  base  spots  and 
considerable  streaking  from  the  top  tear-shaped  spots.  Very  definite  spots 
were  visible  at  the  base  line  at  PVP  levels  of  4.5  A  on  the  butanol-ethanol 
chromatograms.  These  are  easily  differentiated  by  intensity  comparisons. 
Citrate  gave  no  spots,  apparently  due  to  diffusion  of  the  PVP  over  the  entire 
sheet  during  the  eight  hours  of  resolution. 

DISCUSSION 

The  results  of  the  foregoing  experiments  show  that  polyvinylpyrrolidone 
can  be  successfully  resolved  by  ascending  chromatography,  using  ethanol, 
butanol,  or  phenol,  and  especially  acidic  or  basic  mixtures  of  the  alcohols, 
and  indicated  distinctly  and  readily  with  either  potassium  iodoplatinate  or 
bismuth  iodide.  Essentially  both  indicators  give  equally  good  color  reactions. 
Solvents  vary  widely  in  their  actions,  giving  generally  one  of  four  types 
of  spots  (Figure  1):  a  base-line  spot,  a  tear-shaped  spot  downward  from 
the  solvent  front,  a  base-line  spot  and  tear-shaped  spot,  or  a  base-line  spot 
with  upward  streak.  In  interpreting  results  it  is  of  interest  to  note  that 
preliminary  work  showed  PVP  to  be  very  soluble  in  ethanol,  water,  and 
aqueous  phenol,  and  insoluble  in  lutidine  and  n-butanol.  Acids  caused  re¬ 
tention  or  enhancement  of  solubility;  bases  reduced  solubility  in  water. 

The  Rf  values  of  the  base-line  spots  were  always  0.0,  while  those  of 
the  top  tear-shaped  spots  varied  with  concentration.  No  significance  can 
be  applied  to  the  slight  variations  in  Rf  values  as  determined  from  spot  cen¬ 
ters,  since  all  spots  touch  the  solvent  front  and  are  effectively  1.0. 

Area  measurements  on  the  higher  PVP  concentrations  have  been  plotted 
against  spot  concentrations.  The  data  are  much  too  limited  to  warrant  any 
sound  conclusions,  but  a  systematic  relationship,  probably  linear,  between 
concentration  and  area  is  indicated  in  most  cases.  Plotting  semi-logarith- 
mically  did  not  improve  the  curve  forms. 
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At  low  PVP  concentrations,  butanol-ethanol  gives  clear  separation 
in  order  of  increasing  intensities  of  base  spots.  This  is  probably  the  most 
promising  method,  at  least  for  pure  PVP  solutions. 

Data  indicate  that  variations  in  area  and  intensity  resulting  from  in¬ 
dividual  crock  differences,  temperature,  and  other  environmental  factors, 
as  expected,  do  occur.  For  this  reason,  runs  made  simultaneously  and  under 
identical  conditions  are  recommended. 

While  high  amounts  of  PVP  (89-178  y)  can  be  determined  with  ease, 
it  is  evident  nevertheless  that  PVP  can  be  determined  in  levels  as  low  as 
4.5  y.  Urine  and  blood  filtrate,  at  the  levels  employed,  caused  no  interfer¬ 
ence.  In  the  event  higher  concentrations  of  biological  fluids  would  be  nec¬ 
essary  in  securing  sufficient  PVP  fnr  analysis,  evaporation  or  precipitation 
by  trichloracetic  acid,  followed  by  washing  with  ether  and  solution  in  ethanol 
before  chromatographing,  would  probably  be  advisable.  Further  work  is  in 
progress  on  the  possible  interference  of  high  levels  of  blood  and  urine  in 
direct  analyses.  Interference  is  expected  with  the  base-line  spot  intensity 
method^  but  due  to  low  concentrations  of  urinary  and  blood  compounds 
reactive  with  the  developing  reagents,  or  of  readily  moving  pigments,  reso¬ 
lution  in  phenol,  or  acidic  or  basic  ethanol,  is  expected  to  give  useful  results. 

The  simplicity,  sensitivity,  specificity,  and  probable  accuracy  of  the 
paper  chromatographic  methods  suggest  their  possible  adaption  over  previous 
inadequate  analytical  procedures.  Additional  work  is  needed  to  improve 
and  standardize  the  methods  for  use  with  biological  fluids.  When  this  is 
accomplished,  it  may  be  hoped  that  chromatography  will  prove  useful  in 
extending  the  biochemical  knowledge  of  polyvinylpyrrolidone  and  in  meet¬ 
ing  the  clinical  laboratory  need  for  an  assay  method  for  this  plasma  sub¬ 
stitute.  The  application  of  paper  chromatography  to  PVP,  a  polymer  of 
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molecular  weight  2  5,000  or  more,  suggests  the  possible  application  of  this 
tool  in  the  determination  of  other  polymers  containing  functional  groups 
or  structures  allowing  chemical  or  fluorescent  indication. 

SUMMARY 

The  present  study  indicates  that  polyvinylpyrrolidone  can  be  deter¬ 
mined  easily,  and  with  high  sensitivity,  accuracy,  and  specificity  by  the 
use  of  paper  partition  chromatography.  The  polymer,  in  ethanol,  butanol, 
and  phenol  solvent  mixtures,  gives  either  base-line  or  solvent  front  spots 
which  can  be  read  by  area  or  intensity  after  development  with  bismuth 
iodide  or  potassium  iodoplatinate.  Low  levels  of  biological  fluids  do  not 
interfere,  and  levels  of  PVP  as  low  as  4.5  y  can  be  determined. 
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THE  EFFECTS  OF  VARIOUS  CHEMICAL  COMPOUNDS  ON  THE 
SURVIVAL  OF  FIVE  SPECIES  OF  CENTRARCHID  FISHES 

ALFRED  W.  ANDERSON 
U.  S.  Navy  Hydrographic  Office 
Washington,  D.  C. 

INTRODUCTION 

The  discharge  of  industrial  wastes  into  the  surface  waters  of  the  United 
States  has  increased  with  the  present  expanded  use  of  synthetic  chemicals 
and  the  increased  production  of  petroleum  products.  The  effects  of  these 
discharged  wastes  must  be  evaluated  by  determining  the  effects  of  pollutants 
upon  biological  life  found  in  surface  waters.  The  purpose  of  this  study 
was  to  determine  the  minimum  lethal  dose,  MLD,  of  each  of  several  com¬ 
mon  chemical  waste  products  for  representative  species  of  the  Centrarchid 
fishes  found  in  Texas  waters. 

Some  sensitive  forms  of  biological  life  may  not  survive  in  waters  in 
which  fish  survive,  but  it  is  generally  recognized  that  waters  supporting 
fish  will  support  many  other  forms  of  plant  and  animal  life.  Because  fish 
are  of  economic  importance  as  food,  because  these  have  recreational  value 
for  sportsmen,  and  because  they  are  probably  the  best  known  form  of  life 
in  fresh  water,  they  were  selected  for  this  study. 

This  study  was  conducted  under  the  direction  of  Dr,  W.  Frank  Blair 
of  the  University  of  Texas,  and  was  made  in  conjunction  with  the  Marine 
Species  MLD  Study  of  Mr.  F.  M.  Daugherty,  Jr.,  of  the  Texas  Game,  Fish 
and  Oyster  Commission,  Marine  Laboratory,  Rockport,  Texas. 

The  effects  of  various  concentrations  of  seven  chemical  agents  were 
tested  on  five  species  of  fish.  Fish  of  the  family  Centrarchidae  were  used 
because  this  family  includes  the  most  important  fresh-water  game  fish  of 
the  southern  United  States.  The  large-mouth  black  bass,  Huro  salmoides, 
and  several  species  of  the  genus  Lepomis  account  for  a  large  percentage 
of  the  fresh-water  game  fish  taken  in  Texas. 

Hart,  Doudoroff  and  Greenbank  (1945)  formulated  rules  for  the 
evaluation  of  the  effects  of  chemical  and  other  substances  on  fresh-water 
fishes.  Their  prescription  of  a  testing  time  of  24  hours  to  determine  toxici¬ 
des  necessary  to  kill  fish  was  adopted. 

No  effort  was  made  to  select  an  index,  or  standard,  species  for  the 
tests  but  rather  to  select  a  few  representative  species  from  the  area  in 
which  the  tests  were  conducted.  From  these  representative  species  and  tests 
it  would  be  possible  to  select  an  index,  or  standard,  species,  for  pollution 
tests  as  recommended  by  Shelf ord  (1917)  and  Daugherty  (1951). 

METHOD 

During  the  spring  of  1949  seven  groups  of  fish  were  collected  from 
the  Colorado  River,  three  miles  east  of  Austin,  Texas.  The  initial  collection 
contained  but  four  species  of  Centrarchid  fishes:  large-mouth  black  bass, 
Huro  salmoides;  warmouth  bass,  Chaenobryttus  coronaris;  blue  gill,  Lepomis 
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fuacrochirus;  and  the  orange-spotted  sunfish,  Lepomis  htimilh.  Each  subse¬ 
quent  collection  contained  the  aforementioned  species  plus  the  western  red¬ 
eared  sunfish,  Lepomis  microlophiis. 

Pre-test  experiments  indicated  that  the  regulation  of  temperature  and 
oxygen  presented  no  special  problems.  The  introduction  of  oxygen  into  the 
test  tanks  of  water  and  test  solutions  was  accomplished  by  the  use  of  dis¬ 
persers  connected  to  an  oil  free  air  supply.  The  test  solution  temperature 
was  stable  at  20  degrees  Centigrade  in  the  first  two  tests,  while  the  re¬ 
maining  five  tests  were  run  at  a  temperature  of  22  degrees  Centigrade. 

The  water  supplied  to  the  laboratory  was  clean  water,  without  toxic 
pollutants  or  other  foreign  substances.  With  one  exception,  the  water  sup¬ 
plied  by  the  Austin  Municipal  Water  Works  compared  closely  with  the 
water  from  which  the  fish  were  taken.  Because  the  two  waters  were  of  nearly 
the  same  quality,  the  Austin  water  was  used.  Chloramine  was  removed  from 
the  Austin  water  by  the  use  of  an  activated  carbon  filter.  As  pointed  out 
by  Ellis  (1937),  species  of  fish  become  acclimatized  to  great  differences 
of  water  quality  in  different  regions,  but  abrupt  changes  may  have  harmful 
effects  upon  them.  Such  effects  were  demonstrated  by  Williams  (1948)  in 
his  use  of  a  reference  water. 

Two  types  of  tests  were  used.  In  the  first  type,  a  circulating  test  solu¬ 
tion  was  used  to  determine  wide  limits  of  toxicity;  and  in  the  second,  a 
non-circulating  test  solution  was  used  to  narrow  or  refine  the  minimum 
lethal  dose  determination. 

The  basic  equipment  used  in  the  test  comprised  sixteen  3  5  liter  battery 
jars.  A  group  of  eight  jars  served  in  each  type  of  test.  In  the  circulating 
solution  type,  two  mature  individuals  of  similar  size  of  each  species  were 
placed  in  the  test  tanks  24  hours  prior  to  the  initial  introduction  of  a  chem¬ 
ical  agent.  After  this  acclimatization  period  the  test  compound  was  intro¬ 
duced  in  dilutions  based  upon  parts  per  million,  ppm,  by  weight,  and  the 
actions  of  the  fish  were  noted.  Additional  amounts  of  the  test  solution  were 
added  every  40  minutes  to  raise  the  concentration  to  a  minimum  lethal 
dose  for  each  species  tested.  Complete  circulation  of  the  test  solution  was 
accomplished  by  arranging  the  jars  on  stair-step  platforms.  Plastic  tubing 
was  used  to  form  siphons  between  the  tanks.  A  small  stainless  steel  pump 
was  used  to  move  the  test  solution  from  the  bottom  to  the  top  tank.  The 
capacity  of  the  pump  provided  two  complete  circulations  of  the  solution 
every  40  minutes. 

The  non-circulating  tests  were  conducted  with  four  mature  individuals 
of  similar  size  of  each  species.  As  in  the  circulating  tests  the  fish  acclimati¬ 
zation  period  of  24  hours  was  used.  After  the  fish  acclimatization  period,  the 
test  compound  solution  was  added  to  the  test  tanks  in  a  series  of  dilutions 
based  upon  ppm  by  weight.  The  highest  and  lowest  concentration  used 
was  determined  by  the  MED  results  of  the  circulating  tests  conducted  im¬ 
mediately  previous  to  these  tests.  Non-circulating  tests  were  closely  ob¬ 
served  for  a  period  of  24  hours.  An  additional  period  of  24  hours  testing 
was  allowed  for  survivors,  but  in  no  case  did  these  24-hour  survivors  die 
during  the  second  test  period. 

As  reported  by  Daugherty  (1951),  it  was  necessary  to  run  second 
and  sometimes  third  non-circulating  tests  in  order  to  determine  narrow 
toxicity  levels. 
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CHEMICAL  AGENTS  USED  AND  MINIMUM  LETHAL  DOSAGES 

The  seven  chemical  agents  used  in  the  tests  were  of  commercial  or 
technical  grade.  Test  results  indicated  that  they  were  of  two  types,  low 
and  high  toxicity  agents.  Baroid  Drilling  Clay,  Baroid  Drilling  Mud,  sodium 
tetra-phosphate,  and  sodium  acid  pyro-phosphate  comprised  the  group  of 
low  toxicity  agents,  which  caustic  soda,  white  lime,  and  oil  well  cement 
proved  to  be  high  toxicity  agents. 

The  minimum  lethal  dose  in  ppm  of  each  low  toxicity  agent  for  the 
circulating  and  non-circulating  tests  is  shown  in  Table  I. 

TABLE  I 


THE  MINIMUM  LETHAL  DOSE  OF 

FOUR  LOW 

TOXICITY  AGENTS 

FOR  FIVE 

SPECIES 

OF  CENTRARCHID  FISHES  IN 

f  CIRCULATING  AND 

NON-CIRCULATING  SOLUTIONS 

Species 

Minimum 

lethal  dose  in  ppm 

Baroid 

Baroid 

Sodium 

Sodium 

Drilling 

Drilling 

tetra- 

acid  pyro¬ 

Clay 

Mud 

phosphate 

phosphate 

Lepomis 

3000 

3000 

4500 

5000 

microlophus 

2800* 

2800* 

2500* 

3200* 

Lepomis 

3000 

3000 

4500 

5000 

humilis 

2800* 

2800* 

2500* 

3200* 

Lepomis 

3000 

3000 

4500 

5000 

macfochims 

2800* 

2800* 

2500* 

3200* 

Hufo 

3000 

3000 

5000 

6000 

salmoides 

3000* 

2900* 

3200* 

3300* 

Chaenohryttus 

3000 

3000 

5000 

6000 

coronaris 

3200* 

3000* 

4000* 

3500* 

*  indicates  non-circulating  test 

The  minimum 

lethal  dose  in 

ppm  of  each  high  toxicity  agent  for  the 

circulating  and  non 

-circulating  tests  is  shown  in  Table  II. 

TABLE  II 

THE  MINIMUM  LETHAL  DOSE  OF 

THREE  HIGH 

[  TOXICITY  AGENTS 

FOR  FIVE 

SPFCIES 

OF  CENTRARCHID  FISHES  IN 

CIRCULATING  AND 

NON-CIRCULATING  SOLUTIONS 

Species 

Minimum 

lethal  dose  in  ppm 

Caustic  Soda 

White  Lime  Oilwell  Cement 

Lepomis 

Not  tested 

200 

600 

microlophus 

Not  tested 

100* 

120* 

Lepomis 

80 

200 

600 

humilis 

30* 

100* 

120* 

Lepomis 

80 

200 

600 

macrochirus 

50* 

100* 

120* 

Hufo 

130 

200 

600 

salmoides 

60* 

120* 

140* 

Chaenohryttus 

140 

200 

600 

coronaris 

60* 

120* 

200* 

indicates  non-circulating  test 
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In  all  but  three  of  the  68  tests,  the  indicated  minimum  lethal  dose  for 
both  the  high  and  low  toxicity  agents  in  the  circulating  solution  was  greater 
than  the  MLD  indicated  in  the  non-circulating  solution.  The  differences 
in  the  results  of  the  two  types  of  tests  may  be  explained  as  follows.  One 
part  of  the  procedure  in  testing  for  the  MLD  in  the  circulating  test  in¬ 
volved  the  addition  of  weighed  amounts  of  a  chemical  to  the  system  every 
40  minutes  to  obtain  higher  concentrations  of  the  chemical  agent  test  so¬ 
lution,  With  this  procedure,  it  is  probable  that  the  concentration  was  in¬ 
creased  beyond  the  MLD  for  any  one  species  of  fish  before  the  fish  received 
the  full  effect  of  the  chemical  at  that  minimum  lethal  dose  point.  It  is  im¬ 
probable  that  in  such  short  periods  an  immunity  was  developed  in  each  fish 
that  enabled  the  fish  to  live  beyond  the  MLD  found  in  the  non-circulating 
system.  No  cumulative  effect  was  obvious  in  either  the  circulating  or  non¬ 
circulating  systems.  It  would  appear  from  the  above  considerations  that 
the  tests  in  a  non-circulating  medium  gave  the  best  measure  of  the  mini¬ 
mum  lethal  doses  of  the  various  chemical  agents  tested. 


TABLE  III 


SPECIES  DEATH  TIME  IN  MINUTES  FOR  SELECTED  CONCENTRATIONS 
OF  HIGH  AND  LOW  TOXICITY  AGENTS 


Chemical  Agent 


Species 


28 

m 

o 


Leponiis 

microloj 

Lepomis 

humilis 

Lepomis 

macroch 

o  S 

Chaenol 

coronari 

Baroid 

Drilling 

Clay 

800 

818 

834 

1120 

A24 

Baroid 

Drilling 

Mud 

794 

802 

830 

1025 

1135 

Sodium 

tetra- 

phosphate 

912 

930 

933 

A24 

A  24 

Sodium 
acid  pyro¬ 
phosphate 

A24 

A24 

A24 

A24 

A24 

!  s 

O  CN 


jC 

bl) 

i 


Caustic 

soda 

No 

test 

72 

75 

540 

595 

White 

lime 

215 

217 

240 

760 

795 

Oilwell 

Cement 

785 

812 

815 

A24 

A24 

A24— Alive  24  hours 
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The  specific  length  of  time  that  the  fish  survived  in  different  con¬ 
centrations  of  a  chemical  agent  provides  a  measure  of  toxicity  of  these 
agents  for  the  different  species  of  fish.  By  the  same  token,  the  comparison 
of  species  survival  time  in  equal  concentrations  of  a  test  solution  provides 
an  index  to  the  ability  of  a  single  species  to  survive  in  a  contaminated  or 
polluted  area.  The  "death  time”  presented  in  Table  III  represents  the  sur¬ 
vival  time  in  minutes  from  the  time  each  test  was  started  until  the  time 
of  death  of  the  last  individual  of  that  species. 

In  the  group  of  high  toxicity  agents,  the  death  time  for  each  species 
of  fish  tested  is  compared  at  the  concentration  of  120  ppm.  This  concen¬ 
tration  of  120  ppm  and  a  concentration  of  3000  ppm  for  the  less  toxic 
agents  were  chosen  as  the  points  of  comparison  because  they  fell  within 
the  test  range  of  the  agents  tested. 

Little  difference  is  indicated  in  the  death  time  between  the  three  species 
of  Lepomis.  Neither  is  there  any  great  difference  in  the  death  time  of  the 
warmouth  bass  and  large-mouth  black  bass.  The  great  difference  in  death 
time  between  the  two  groups,  Lepomis  on  one  hand  and  the  large-mouth 
black  bass  and  warmouth  bass  on  the  other,  suggests  that  the  latter  are 
much  more  resistant  to  the  chemicals  tested  than  are  the  species  of  Lepomis. 

CONCLUSIONS 

1.  Evaluations  of  the  effects  of  chemical  and  industrial  wastes  upon 
plant  and  animal  life  must  be  completed  to  determine  proper  method  of 
waste  disposal. 

2.  The  chemicals  tested  appear  to  be  of  two  types,  low  and  high 
toxicity  agents. 

3.  The  determined  minimum  lethal  dosages  in  non-circulating  solu¬ 
tions  are  consistently  smaller  than  are  the  minimum  lethal  dosages  in  cir¬ 
culating  solutions.  This  suggests  that  non-circulating  tests  produce  more 
reliable  results  because  of  methods  of  procedure. 

4.  Tolerance  limits  between  species  of  the  genus  Lepomis  tested  are 
best  shown  in  minimum  lethal  dose  ratings,  while  little  difference  is  in¬ 
dicated  in  the  death  time  data. 

5.  Minimum  lethal  dose  data  and  survival  time  data  suggest  that  the 
warmouth  bass,  Chaenobryttus  coronaris  and  large-mouth  black  bass,  Llnro 
salmoides  are  much  more  resistant  than  the  sunfish,  genus  Lepomis  to  the 
toxic  effects  of  the  seven  chemical  agents  tested. 
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MAMMALS  FROM  COOKE  COUNTY,  TEXAS 


ROBERT  J.  RUSSELL 

University  of  Kansas  Museum  of  Natural  History 

A  small  collection  of  mammals  was  taken  in  Cooke  County,  Texas, 
in  the  years  1949,  1950,  and  1951,  Little  is  known  of  the  distribution  of 
mammals  in  north-central  Texas,  and  Cooke  County  is  situated  geographi¬ 
cally  so  that  it  includes  most  of  the  ecological  associations  found  in  this 
general  area  of  Texas.  Therefore,  the  county  is  ideally  located  for  sampling 
the  mammalian  fauna  of  this  region.  Emphasis  was  placed  on  obtaining 
small  mammals,  primarily  rodents,  to  supplement  previous  records  and  to 
determine  ecological  relationships  within  the  county, 

I  am  grateful  to  Mr,  John  Hudson,  State  Game  Warden,  and  Mr, 
Don  Hutto  for  their  assistance  in  the  field  work  in  the  summer  of  1950, 
Dr,  William  B,  Davis,  Wildlife  Management  Department,  The  Agricultural 
and  Mechanical  College  of  Texas,  gave  helpful  suggestions  on  several  iden¬ 
tifications.  Dr.  Rollin  H,  Baker  kindly  gave  me  permission  tO'  examine  speci¬ 
mens  in  the  Museum  of  Natural  History,  University  of  Kansas,  Permission 
to  collect  was  granted  by  the  Texas  Game,  Fish  and  Oyster  Commission, 
through  the  courtesy  of  Mr.  W.  C.  Glazener.  Specimens,  unless  otherwise 
designated,  are  in  the  Texas  Cooperative  Wildlife  Collection,  The  Agricul¬ 
tural  and  Mechanical  College  of  Texas.  All  measurements  herein  are  in 
millimeters. 

There  are  three  physiographic  or  ecologic  types  represented  in  Cooke 
County.  They  are  from  east  to  west;  the  Eastern  Cross  Timbers,  the  Grand 
Prairie,  and  the  Western  Cross  Timbers.  A  narrow  ecotone  of  mixed  wood¬ 
land  and  grassland  occurs  between  each  of  these. 

The  Eastern  Cross  Timbers  is  characterized  by  light  sandy  soils,  low 
sharply  dissected  relief,  and  woodlands.  The  dominant  vegetation  is  post 
oak  (Quercus  stellata)  and  hickory  {Cary a  btickleyi)  with  a  dense  under¬ 
growth  of  shrubs.  In  open  fields  the  dominant  plant  is  broomsedge  (Andro- 
pogon  virginicus) . 

The  Grand  Prairie  occupies  more  than  half  of  the  county,  and  is  flanked 
on  either  side  by  the  cross  timbers.  It  is  a  southern  extension  of  the  true 
prairie  association  (Dyksterhuis,  1946).  The  Grand  Prairie  is  characterized 
by  dark  calcareous  clays,  gently  rolling,  almost  level  topography,  and  a 
covering  of  grasses.  Dominant  grasses  are  little  blue  stem  {Andropogon 
scoparius)  ^  sideoats  gramma  {Boutelona  curtipendula)  ^  Indian  grass  (Sor- 
ghadriim  nutans)  ^  tall  drop  seed  {Sporobolus  asper),  and  big  blue  stem 
{Andropogon  gerardi) , 

The  Western  Cross  Timbers  has  also  been  studied  in  detail  by  Dykster¬ 
huis  (1948).  It  occupies  a  relatively  small  area  in  the  southwest  and  north¬ 
west  parts  of  Cooke  County.  The  Western  Cross  Timbers  is  characterized 
by  light  sandy  soils,  angular  hills,  and  a  savanna  of  oaks  and  grasses.  The 
dominant  trees  are  post  oak  {Quercus  stellata)  and  blackjack  (Q,  marilan- 
dica)^  and  the  dominant  grasses  are  the  same  as  those  of  the  Grand  Prairie 
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with  the  addition  of  hairy  gramma  {Bouteloua  hirsuta) .  In  local  areas  the 
density  of  the  stand  of  oaks  has  increased  with  overgrazing  so  that  actually 
a  forest  now  prevails. 

More  than  half  of  the  subspecies  of  mammals  known  to  occur  in  Cooke 
County  are  of  northern  affinities.  A  number  of  these  subspecies  reach  the 
southern  limits  of  their  range  in  this  general  area.  Most  of  these  subspecies 
are  replaced  by  other  subspecies  to  the  south,  making  it  possible  to  draw 
a  line  between  these  two  areas  which  separates  two  different  assemblages  of 
subspecies.  For  example,  Peromyscus  leucopus  leucopus,  Microtus  pinetor- 
um  nemoralis,  and  Neotoma  floridana  osagensis  occur  in  north  Texas  and 
P.  /.  brevicatida  (also  P.  /.  texanm)  ^  M.  p.  auricularh,  and  N.  f.  attwateri, 
respectively,  occur  to  the  south. 

Twenty-seven  species  of  mammals  are  known  to  occur  in  Cooke 
County.  Several  kinds  of  bats  are  certainly  inhabitants  of  the  county,  but 
unfortunately  none  was  obtained. 

ACCOUNTS  OF  SPECIES 

Didelphis  marstipiaUs  virginiana  Kerr— -Opossum.  A  subadult  female 
was  trapped  on  Elm  Creek  in  the  Eastern  Cross  Timbers.  The  opossum  is 
common  in  all  of  the  ecological  associations  found  in  Cooke  County,  judg¬ 
ing  from  tracks  and  individuals  seen  dead  on  roads,  and  seemingly  is  especi¬ 
ally  abundant  along  streams  on  the  Grand  Prairie.  Specimen  examined,  one, 
7  mi.  SSE  Gainesville.  Additional  record:  Gainesville  (Bailey,  1905:56). 

Cryptotis  parva  parva  (Say)— Least  Shrew.  Traps  set  in  habitats  pre¬ 
ferred  by  Cryptotis  took  none,  but  in  a  trap  line  seven  miles  north  of 
Gainesville  several  mice  were  found  "skinned”  in  the  traps,  indicating  the 
presence  of  shrews,  Bailey  (1905:  208)  records  five  specimens  from  Gaines¬ 
ville. 

Procyon  lotor  fuscipes  Mearns— Raccoon.  An  unsexed  skull  was  saved 
by  Mr.  John  Hudson  from  an  animal  trapped  by  him  on  his  farm  in  the 
Eastern  Cross  Timbers. 

The  raccoon  occurring  in  Cooke  County  is  tentatively  assigned  to  P.  1. 
fuscipes,  although  it  is  recognized  that  specimens  from  there  may  eventually 
be  found  to  be  referable  to  P.  L  hirtus,  which  according  to  Goldman  (1950) 
ranges  south  to  the  Red  River.  McCarley  (1952:  108)  refers  specimens  from 
Bryan  County,  Oklahoma,  to  P.  /.  hirtus,  but  no  actual  specimens  were 
available  to  him.  Specimen  examined,  one,  7  mi,  SSE  Gainesville. 

Mustela  vison  mink  Peale  and  Beauvois— Mink.  A  skull  of  a  male  was 
secured  for  me  by  John  Hudson  from  an  individual  trapped  on  his  farm 
in  the  Eastern  Cross  Timbers.  He  informs  me  that  mink  are  common  on 
the  Grand  Prairie,  where  they  frequent  the  small  intermittent  streams. 
He  traps  a  number  of  mink  along  these  streams  each  winter.  Specimen  ex¬ 
amined,  one,  7  mi.  SSE  Gainesville.  Additional  record:  Gainesville  (Bailey, 
1905: 196). 

Spilogale  putorius  interrupt  a  (Rafinesque)- — Spotted  Skunk.  This  species 
is  seemingly  rare  in  Cooke  County.  I  have  never  observed  it  or  seen  road 
killed  individuals  in  the  county.  Howell  (1906:19)  records  one  specimen 
from  Cooke  County. 

Mephitis  mephitis  mesomelas  Lichtenstein— Striped  Skunk.  Although 
no  specimens  were  taken,  this  skunk  is  common;  several  were  observed,  usu¬ 
ally  late  in  the  evening  but  occasionally  in  the  middle  of  the  day.  Large 
numbers  are  killed  on  the  highways,  especially  in  spring.  Eleven,  freshly 


456 


The  Texas  Journal  of  Science 


1953,  No.  4 
December 


killed,  were  counted  on  the  highway  between  Gainesville  and  the  county 
line  to  the  south,  a  distance  of  about  13  miles,  in  the  early  spring  of  1950. 
The  higher  mortality  in  the  spring  probably  is  correlated  with  increased 
activity  because  of  breeding.  Howell  (1901:3  0)  records  two  specimens 
from  Gainesville. 

Urocyon  cincreoargenteus  florid  anus  Rhoads- — Gray  Fox.  The  taxo¬ 
nomic  status  of  the  gray  fox  in  this  part  of  Texas  is  not  certain.  I  follow 
Bailey  (  1905:196),  who  assigns  a  specimen  from  Gainesville  to  U.  c.  flori- 
danus.  Although  no  specimens  were  taken  by  me,  several  fox  were  seen, 
all  in  the  Eastern  Cross  Timbers,  a  number  of  years  ago  when  I  hunted 
gray  fox  with  dogs  near  Dexter.  These  foxes  readily  climbed  into  the  post 
oak  trees  when  pursued  closely.  All  that  I  have  observed  climbed  only  to 
the  first  limbs  where  they  remained  until  shot. 

Cauls  latrans  frustror  Woodhouse- — Coyote.  Three  skulls,  unsexed,  were 
taken  from  carcasses  hanging  on  a  fence.  At  various  localities  on  the  Grand 
Prairie  single  individuals  were  observed,  and  the  species  seems  to  be  more 
abundant  there  than  in  the  cross  timbers.  Specimens  examined,  three,  3  mi. 
S  Marysville.  Additional  records:  Marysville  (Young  and  Jackson,  1951: 
275);  Gainesville  (Bailey,  1905:176). 

Lynx  rufus  texensis  (Allen)— Bobcat.  Bailey  (1905:169)  refers  a  speci¬ 
men  from  Cooke  County  to  this  subspecies.  I  have  examined  a  specimen 
from  2  mi.  S  Marysville  (TCWC)  taken  by  Mr.  Ben  E.  Ludeman,  and 
find  it  best  assigned  to  L.  r.  texensis,  A  freshly  skinned  bobcat  was  seen 
beside  the  road  near  Sivells  Bend,  The  bobcat  seems  to  be  common  in  the 
rough  country  adjacent  to  the  Red  River.  Specimens  examined,  one,  2  mi. 
S  Marysville.  Additional  record;  "Cooke  County”  (Bailey,  1905:169). 

Sciurus  niger  rufiventer  Geoffroy — -Fox  Squirrel.  Hall  and  Kelson 
(1952:355)  have  recently  examined  two  specimens  of  fox  squirrel  from 
Gainesville,  and  have  referred  them  to  this  subspecies.  Lowery  and  Davis 
(1942:172)  assigned  three  specimens  from  2  mi.  S  Marysville  to  S.  n,  lim¬ 
it  is,  stating  that  they  are  intermediate  between  ludovicianus  and  limit  is,  I 
assign  these  specimens  to  S.  n,  rufiventer.  Fox  squirrels  are  common  in  all 
wooded  sections  of  Cook  County,  Specimens  examined,  three,  2  mi.  S  Marys¬ 
ville.  Additional  records:  Gainesville,  2  (Hall  and  Kelson,  1952:355), 

Glaucomys  volans  texensis  Hov/ell — Eastern  Flying  Squirrel.  Howell 
(1918:24)  referred  two  specimens  from  Gainesville  to  G.  v.  volans  G.  v. 
cjuerceti  of  Bailey  (1906:56)],  indicating  that  they  are  intergrades  between 
G.  V.  volans  and  G.  v.  texensis.  Because  G.  v.  saturatus  occurs  in  Oklahoma 
between  the  ranges  of  volans  and  texensis,  it  seems  unlikely  that  these  speci¬ 
mens  are  assignable  to  G.  v.  volans.  In  view  of  the  fact  that  Howell  {loc. 
cit.)  considered  the  specimens  from  Gainesville  as  not  typical  of  G.  v.  texen¬ 
sis,  they  may  be  intergrades  with  G,  v.  satiirattis.  On  geographical  grounds 
I  am  referring  the  Gainesville  specimens  to  G.  v,  texensis. 

Citellus  tridecemlineatus  texensis  (Merriam) — Thirteen-lined  Ground 
Squirrel.  The  type  specimen  of  this  subspecies  was  obtained  at  Gainesville 
by  George  H.  Ragsdale.  I  failed  to  take  any  specimens,  although  they  were 
fairly  common  at  scattered  localities  on  the  Grand  Prairie,  One  large  colony 
inhabited  an  area  of  overgrazed  prairie  three  miles  south  of  Gainesville, 
and  these  squirrels  seemed  to  be  more  abundant  there  than  elsewhere  in 
th  county.  Ground  squirrels  are  absent  or  rare  in  the  cross  timbers.  Howell 
(  1938:1  1  1  )  records  two  specimens  from  Gainesville,  including  the  type,  and 
one  from  "Cooke  County.” 
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Geomys  bursarim  dutcheri  Davis— -Plains  Pocket  Gopher.  Study  of 
adequate  material  may  prove  that  the  pocket  gopher,  in  north  Texas,  is  a 
distinguishable  subspecies.  Only  one  of  the  two  specimens,  both  females, 
available  to  me  from  Cook  County  is  adult.  Its  measurements  were  signifi¬ 
cantly  larger,  for  both  the  body  and  the  cranium,  than  measurements  given 
by  Davis  (1940:36)  for  G.  b.  dutcheri^  occurring  to  the  north,  and  G.  b. 
brazensh,  occurring  to  the  southeast. 

Pocket  gophers  are  abundant  in  the  Eastern  Cross  Timbers  where  sandy 
soils  occur,  but  are  absent  on  the  Grand  Prairie.  The  heavy  clay  prairie- 
soils  undoubtedly  are  a  barrier  to  the  distribution  of  gophers  in  this  area. 
Although  I  have  not  observed  any  indication  of  pocket  gophers  in  the 
Western  Cross  Timbers  of  Cooke  County,  they  should  be  expected  there. 
The  sandy  soils  offer  a  favorable  habitat  for  gophers.  Davis  {loc.  cit.)  re¬ 
cords  a  specimen  from  Decatur,  Wise  County,  Texas,  a  locality  in  the  West¬ 
ern  Cross  Timbers.  Specimens  examined,  two:  5  mi.  S  Woodbine,  1;  2  mi. 
NW  Burns  City,  1.  Additional  records:  Gainesville,  2  (Davis,  1940:13). 

Verognathus  hispidus  spilotus  Merriam— Hispid  Pocket  Mouse.  A  lactat- 
ing  female  that  was  moulting- — the  fresh  pelage  having  replaced  the  old 
except  on  the  rump— was  trapped  in  July  at  the  edge  of  the  Western  Cross 
Timbers,  The  type  locality  is  Gainesville,  but  specimens  from  this  area 
show  intergradation  between  P.  h.  spilotus  and  P,  h.  hispidus.  These  mice 
are  seemingly  uncommon  in  Cooke  County.  Only  this  one  was  taken,  in 
spite  of  extensive  trapping  in  various  habitats.  Specimen  examined,  one. 
South  Fish  Creek,  2  mi.  S  Marysville.  Additional  records:  Gainesville,  3 
including  type  (Glass,  1947:178). 

Keithrodontomys  fulvescens  laceyi  Allen — -Fulvous  Harvest  Mouse. 
Specimens  from  Cooke,  Bosque,  and  Kerr  counties,  Texas,  are  uniform  in 
color,  body  dimensions,  and  cranial  characteristics,  and  in  these  respects 
they  agree  with  the  description  of  R.  laceyi,  given  by  J.  A.  Allen  (1896; 
23  5)  of  material  from  Bexar  County,  Texas.  Howell  (1914:48),  in  his 
revision  of  the  genus,  places  R.  laceyi  as  a  synonym  under  R.  /.  intermedius, 
stating  that  "If  both  intermedius  and  Haceyi’  were  to  be  recognized,  the 
former  would  be  nothing  more  than  a  series  of  intermediates  between  tenius 
on  one  side  and  Haceyi’  on  the  other.’’  Recently  R.  /.  tenius  has  been  re¬ 
duced  to  synonomy  under  R.  /.  intermedius  by  Hooper  (1952:107).  Speci¬ 
mens  from  central  Texas  can  be  separated  without  difficulty  from  examples 
of  R.  f.  intermedius  (topotypes  from  Brownsville,  Cameron  Co.,  Texas) 
and  R.  f.  aurantius  (specimens  from  eastern  Texas),  and  it  seems  to  me 
that  they  deserve  subspecific  recognition.  Reithrodontomys  fulvescens  laceyi 
Allen,  with  type  locality  at  Watson’s  Ranch,  15  mi.  S  San  Antonio,  Bexar 
County,  Texas,  is  the  available  name. 

Examples  of  R.  f.  laceyi,  from  Cooke  County  and  6  mi.  SW  Walnut 
Springs,  Bosque  County,  Texas,  are  characterized  by  large  hind  foot,  large 
ears,  short  skull,  broad  interorbital  constriction,  and  long  palate.  The  upper 
parts  lack  the  bright  ochraceous  color  of  R.  f.  intermedius  and  R.  f.  auran¬ 
tius.  The  sides  are  pale  buffy  and  the  middorsal  pelage  is  strongly  mixed 
with  blackish  hairs  so  that  the  general  effect  is  dull  grayish. 

I  have  not  examined  specimens  listed  by  Howell  {lit.  cit.)  from  Mount 
Scott,  Southwestern  Oklahoma;  however,  on  geographical  grounds  they 
would  be  referable  to  R.  f.  laceyi. 
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Harvest  mice  are  not  common  in  Cooke  County,  and  all  of  my  speci¬ 
mens  were  taken  in  late  December  and  January  when  the  food  supply  was 
at  a  minimum.  Specimens  were  taken  at  three  localities,  all  in  the  Grand 
Prairie,  but  they  are  to  be  expected  in  the  savanna-like  Western  Cross  Tim¬ 
bers  where  there  is  an  abundance  of  grass  cover.  This  species  probably  does 
not  occur  in  the  Eastern  Cross  Timbers. 

Mccmiremeufs.  Averages  of  six  specimens  from  Cooke  and  Bosque  counties, 
Texas,  are  as  follows:  Total  length,  155,2;  length  of  tail,  83.4;  length  of 
hind  foot,  20.4;  height  of  ear  (from  notch),  16.6;  greatest  length  skull, 
20.9;  zygomatic  breadth,  10.8;  breadth  of  braincase,  10.2;  depth  of  cran¬ 
ium,  8.3;  interorbital  breadth,  3,4;  breadth  of  rostrum,  3.9;  length  of  ros¬ 
trum  (from  zygomatic  notch),  7.4;  length  of  palate,  3.6;  length  of  maxil¬ 
lary  tooth-row,  3.4;  breadth  of  zygomatic  plate,  1.9. 

Specimens  examined ,  five:  4  mi.  NNE  Myra,  2;  7  mi.  N  Gainesville,  2;  2 
mi.  S  Gainesville,  1. 

Kelthrodontomys  montanus  grlseus  Bailey — Pygmy  Gray  Harvest 
Mouse,  One  specimen  was  taken  on  a  rocky  hill  side  covered  with  shin  oak 
{Qnercns  mohrlana)  2  mi.  N  Sivells  Bend.  These  harvest  mice  are  either 
rare  or  difficult  to  catch  as  indicated  by  my  trap  records.  Howell  (1914:24) 
reports  an  additional  specimen  from  Gainesville. 

Specimen  examined,  one,  2  mi.  N  Sivells  Bend. 

Peromyscus  manlculatus  ozarkiarum  Black — -Deermouse.  In  this  region 
Peromysctis  manlciilatiis  and  P.  leticopus  are  difficult  to  distinguish.  Adults 
(those  showing  tooth  wear)  of  P.  manlculatus  are  much  smaller  in  external 
measurements,  the  length  of  the  body  not  exceeding  145,  length  of  tail  not 
more  than  57,  and  the  hind  foot  17  or  less  (for  comparisons,  see  measure¬ 
ments  of  P.  leucopus) ,  but  there  are  only  slight  differences  in  measurements 
of  the  skull.  The  M"^  in  P.  manlculatus  is  larger  in  relation  to  the  m^  than 
in  P.  leucopus,  the  palatine  slits  are  parallel  sided  and  extend  behind  or  even 
with  the  anterior  edge  of  M^  (in  P.  leucopus  the  palatine  slits  are  bowed  out 
laterally  and  rarely  extend  back  as  far  as  M^),  and  the  tail  is  more  sharply 
bicolored. 

McCarley  (19  52:107)  in  his  report  on  the  mammals  of  Bryan  County, 
Oklahoma,  refers  eight  specimens  from  the  vicinity  of  Colbert  to  the  small 
subspecies  P,  m.  pallescens.  McCarley  remarks  that  three  of  these  specimens 
are  from  an  area  of  intergradation.  However,  his  averages  of  external  meas¬ 
urements  for  the  eight  adult  specimens  agree  with  those  of  P.  m.  pallescens. 
Although  fewer  specimens  are  available  to  me  than  he  had,  they  are  all 
much  larger  in  external  and  cranial  size  than  P.  m.  pallescens,  and  are  re¬ 
ferable  to  the  larger  P.  w.  ozarkiarum,  as  known  to  me  by  the  type  and 
topotypes  from  Winslow,  Washington  County,  Arkansas.  The  examples  from 
Cooke  County,  however,  are  bright  ochraceous  dorsally,  especially  along  the 
sides,  whereas  specimens  from  Arkansas  and  northeastern  Oklahoma  are 
darker  and  less  bright  in  color. 

The  occurrences  of  P.  m.  ozarkiarum  in  Cooke  County  provide  the  first 
records  of  this  subspecies  in  Texas,  and  extend  the  known  range  southward 
from  northeastern  Oklahoma.  1  have  not  examined  the  specimen  from 
Gainesville  reported  as  P.  m.  pallescens  by  Osgood  (1909:84),  but  in  view 
of  the  specimens  in  hand  I  am  referring  it  also  to  P.  w.  ozarkiarum.  The 
scanty  material  from  this  area  indicates  that  P.  m.  pallescens  may  be  a  sep¬ 
arate  species. 
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Seemingly  deermice  are  not  common  in  Cooke  County,  and  only  three 
specimens  were  collected  compared  with  the  relatively  larger  number  of 
P.  leucopus  that  were  taken.  All  of  the  specimens  were  trapped  at  localities 
on  the  Grand  Prairie  where  the  deermouse  probably  is  restricted.  Two  speci¬ 
mens,  from  2  mi.  S  Marysville,  were  collected  in  a  field  of  standing  corn, 
and  the  other  in  an  overgrazed  pasture  where  poverty  grass  {Arhtida  sp.) 
was  dominant. 

Measurements.  One  adult  male  and  a  subadult  male,  in  parentheses,  yield 
measurements  as  follows:  Total  length,  145  (139);  length  of  tail,  57  (54); 
length  hind  foot,  17  (17);  greatest  length  of  skull,  25.3  (24.2);  basilar 
length,  19.4  (18.3);  zygomatic  breadth,  13.5  (12.6);  interorbital  constric¬ 
tion,  4.1  (3.9);  length  of  nasals,  10.3  (9.6);  length  of  palatine  slits,  5,1 
(5.2);  length  of  palate,  4.4  (4,1);  post-palatal  length,  8.9  (8.5);  breadth 
of  braincase,  11.7  (11.1);  height  of  cranium  (from  line  connecting  tips 
of  incisors  and  ventral  faces  of  tympanic  bullae),  9.3  (8.4);  length  of 
maxillary  tooth-row,  4.2  (3.9). 

Specimens  examined,  three:  3  mi.  S  Marysville,  2;  Willow  Creek,  6  mi.  SW 

Gainesville,  1.  Additional  record:  Gainesville,  1  (Osgood,  1909:84). 

Peroinyscus  leucopus  leucopus  (Rafinesque) — White-footed  Mouse. 
Specimens  from  Gooke  County  are  indistinguishable  from  specimens  of  P.  L 
leucopus  from  various  localities  in  Arkansas.  They  differ  significantly  from 
examples  of  P.  /.  texanus  from  southern  Texas  in  having  a  smaller  body, 
shorter  tail,  and  larger  cranium.  Compared  with  examples  of  P.  L  tornillo, 
specimens  from  Cooke  County  are  brighter  in  color,  and  have  a  smaller  body, 
shorter  tail,  and  smaller  cranium.  I  have  not  examined  the  specimens  from 
Cooke  County  that  Osgood  (1909:13  1)  referred  to  P.  /.  texanus,  but  on  the 
basis  of  the  more  extensive  material  on  hand  I  feel  justified  in  assigning  them 
to  P.  L  leucopus. 

Examples  of  P,  leucopus  from  western  Oklahoma  (KU  specimens  from: 
Norman,  Cleveland  Co.;  4  mi.  W  Canton,  Dewey  Co.;  5  mi.  SW  Canton, 
Dewey  Co.;  1^  mi.  N  and  ^4  iT^i-  ^  Weatherford,  Custer  Co.;  and  1^4 
mi.  N  Beaver,  Beaver  Co.)  agree  with  the  Cooke  County  and  Arkansas 
specimens  of  P.  L  leucopus,  and  are  best  referred  to  that  subspecies.  Inter¬ 
gradation  between  P.  1.  leucopus  and  P.  1.  tornillo  is  shown  in  the  specimens 
from  Beaver  County,  which  have  a  larger  hind  foot  and  longer  skull.  Speci¬ 
mens  from  Dewey  County  and  Custer  County  also  have  a  large  hind  foot, 
a  characteristic  typical  of  P.  1.  tornillo,  but  are  otherwise  similar  to  P,  1. 
leucopus.  Cockrum  (1952:180)  assigns  specimens  from  south-central  Kan¬ 
sas  to  P.  1.  texanus.  Examination  of  this  material  indicates  that  these  speci¬ 
mens  are  intergrades  between  P.  L  tornillo  and  P.  /.  noveboracensis,  and  that 
they  are  equally  referable  to  either  subspecies.  If  the  above  specimens  are 
referred  to  P.  L  leucopus,  the  known  range  of  that  subspecies  is  extended 
westward  to  western  Oklahoma  and  at  least  to  Cooke  County  in  north- 
central  Texas.  P,  L  texanus  is  thus  restricted  to  southern  Texas,  with  the 
exception  of  two  specimens  (one  from  Decatur,  Wise  Co.,  Texas,  and  the 
other  from  Henrietta,  Clay  Co.,  Texas)  recorded  by  Osgood  {op.  cit.), 
neither  of  which  have  been  examined.  They  may  prove  to  be  marginal 
records  of  P.  1.  leucopus. 

Seemingly  specimens  of  P.  /.  leticopus  from  west  of  the  Mississippi 
River  are  significantly  smaller  in  body  and  cranium  than  examples  of  P.  /. 
leucoptts  from  east  of  the  river.  However,  material  is  not  available  to  me 
for  an  adequate  study. 
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The  white-footed  mouse  is  the  most  common  small  mammal  in  Cooke 
County.  The  mice  prefer  woodland,  and  are  especially  abundant  in  the 
Eastern  Cross  Timbers.  They  occur  along  the  wooded  creeks  that  traverse 
the  Grand  Prairie,  and  are  again  widespread  in  the  Western  Cross  Timbers, 
Few  specimens  were  taken  on  the  open  treeless  prairie.  Moulting  individuals 
were  collected  in  June  and  January,  indicating  two  annual  moults  in  this 
area.  The  summer  pelage  is  much  brighter  than  the  dull  grayish  winter  coat. 
Lactating  females  were  taken  in  January  and  March.  There  is  no  difference 
in  size  between  sexes,  except  that  males  have  slightly  longer  tails  than  fe¬ 
males.  Two  old  individuals,  a  male  and  female,  are  larger  (175,  173;  80, 
79;  21,  20)  than  adults,  but  there  is  no  difference  in  cranial  measurements. 
Measurements,  Averages  of  14  adults,  nine  males  and  five  females,  are  as 

follows:  Total  length,  162;  length  of  tail,  72;  length  of  hind  foot,  20.0; 

greatest  length  of  skull,  26.EC  basilar  length,  19.5;  zygomatic  breadth,  13.4; 
length  of  nasals,  10.3'‘';  length  of  incisive  foramen,  4.7;  postpalatal  length, 
9.6"';  breadth  of  braincase,  11.4;  depth  of  cranium,  9,2'*';  length  of  maxil¬ 
lary  tooth-row,  4.0.  (An  asterisk  signifies  that  only  thirteen  specimens  could 
be  measured.) 

Specimens  examined,  twenty-nine,  as  follows:  Red  River,  2  mi.  N  Walnut 
Bend,  2;  Gainesville,  1;  2  mi.  E  Gainesville,  3;  3  mi.  E  Gainesville,  3;  3 
mi.  SE  Gainesville,  2;  5  mi.  SE  Gainesville,  6;  6  mi.  SE  Gainesville,  2;  7 

mi.  SE  Gainesville,  2;  12  mi.  S  Gainesville,  1;  2  mi.  S  Marysville,  1;  12 

mi.  N W  Gainesville,  1 ;  4  mi.  NE  Rosston,  2 ;  3  mi,  NE  Leo,  2 ;  6  mi.  SW 
Gainesville,  1.  Additional  records:  Gainesville,  3  (Osgood,  1909:131). 

Peromyscus  boylii  attivateri  (Allen)— -Brush  Mouse.  These  records  es¬ 
tablish  the  range  of  P.  b,  attivateri  in  north-central  Texas.  Previous  records 
from  the  Edwards  Plateau  of  Texas  and  various  localities  in  Oklahoma  (see 
Blair,  1939)  indicated  the  probable  occurrence  of  the  brush  mouse  in  this 
area,  but  actual  specimens  were  not  available.  The  external  and  cranial  fea¬ 
tures  of  these  specimens  are  typical  of  the  subspecies  P.  b,  attwateri. 

Seemingly  the  brush  mouse  is  common  locally  throughout  Cooke  Coun¬ 
ty,  wherever  suitable  habitat  is  available  to  it.  These  mice  prefer  hill  sides, 
bluffs,  and  deep  ravines  that  offer  exposed  rocks  and  low  shrubby  vegeta¬ 
tion.  They  were  not  found  in  areas  where  any  one  of  these  ecological  factors 
is  lacking.  For  example,  they  are  absent  over  much  of  the  Grand  Prairie, 
but  are  especially  abaundant  in  the  breaks  that  mark  the  transition  of  the 
Grand  Prairie  into  the  Western  Cross  Timbers.  Here  extensive  outcrops  of 
Upfrer  Cretaceous  limestone  occur,  and  the  dominant  vegetation  consists 
of  species  of  shrubs  such  as  shin  oak  {Quercus  mohriana)  and  coralberry 
(Symphoricarpos  sp. ). 

Specimens  collected  on  the  white  limestone  outcrops  are  paler  dorsally 
than  those  taken  in  the  Eastern  Cross  Timbers,  where  they  live  on  the  dark 
brown  outcrops  of  the  Lower  Cretaceous  Woodbine  Sandstone.  The  brush 
mouse  is  not  especially  common  in  the  Eastern  Cross  Timbers. 

Specimens  examined,  twelve,  as  follows:  3  mi.  NE  Leo,  4;  1  mi.  E  Leo,  1; 
13  mi.  NE  Gainesville,  2;  11  mi.  NE  Gainesville,  1;  2  mi.  S  Callisburg,  4. 

Sigmodon  hispidiis  texianiis  (Audubon  and  Bachman) — Hispid  Cotton 
Rat.  Cotton  rats  are  probably  more  abundant  in  Cooke  County  than  is  in¬ 
dicated  by  the  five  specimens  collected.  Seemingly  cotton  rats  were  experi¬ 
encing  a  low  in  their  cycle  during  the  period  of  collecting. 
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Specimens  taken  in  winter  have  long  pelage  of  pale  buff  hairs  mixed 
with  abundant  blackish  hairs.  Individuals  taken  in  the  summer  have  much 
shorter  pelage  of  bright  buff  color  and  have  less  indication  of  black  hairs. 
The  general  appearance  of  the  upper  parts  in  winter  pelage  was  much  more 
grizzled  that  that  of  the  summer  pelage. 

Specimens  examined,  five,  as  follows:  4^2  mi.  NNE  Myra,  1;  5  mi.  N  Wal¬ 
nut  Bend,  1;  2  mi.  S  Gainesville,  2;  12  mi.  S  Gainesville,  1.  Additional 
record:  Gainesville  (Bailey,  1905:114). 

Neotoma  florid  ana  osagensis  Blair—Florida  Woodrat.  The  woodrat  oc¬ 
curring  in  Cooke  County  differs  from  N.  f.  attwateri,  that  occurs  to  the 
south,  in  smaller  size  (see  measurements),  shorter  tail,  shorter  nasals,  and 
larger  maxillary  teeth.  These  characteristics  are  typical  of  A.  /.  osagensis 
described  by  Blair  (1939:5)  from  Okesa,  Osage  County,  Oklahoma.  Inter¬ 
gradation  with  N .  /.  attwateri,  however,  is  indicated  by  the  greater  length 
of  the  skull  and  the  longer  incisive  foramina.  The  dorsal  coloring  of  speci¬ 
mens  from  Cooke  County  matches  that  of  specimens  of  A.  /.  osagensis  from 
Oklahoma  and  Kansas,  and  lacks  the  more  rufous  dorsal  coloring  of  N.  f. 
attwateri. 

N.  f.  osagensis  was  reported  from  Greenville,  Hunt  County,  Texas,  by 
Baker  (1942:343),  who  observed  two  young  woodrats  in  a  nest.  To  my 
knowledge,  this  is  the  first  account  of  A.  /,  osagensis  occurring  in  Texas, 
but  no  actual  specimens  were  collected.  The  records  from  Cooke  County 
substantiate  the  previous  record  by  Baker  of  this  subspecies  as  a  member 
of  the  mammalian  fauna  of  Texas. 

Woodrats  were  common  in  the  Western  Cross  Timbers  and  on  the 
Grand  Prairie,  where  they  inhabit  the  dense  growths  of  low  shrubs  that 
occur  along  intermittent  streams.  Only  one  specimen,  a  juvenile  female 
trapped  in  July,  was  taken  in  the  Eastern  Cross  Timbers.  A  second  full 
grown  woodrat  was  observed  near  Burns  City  when  it  escaped  from  a  hollow 
log. 

No  woodrat  houses  were  found  in  the  Eastern  Cross  Timbers,  but  they 
were  seen  frequently  in  the  Western  Cross  Timbers  and  in  suitable  habitat 
on  the  Grand  Prairie.  The  houses  were  constructed  of  sticks  and  the  spiny 
"leaves”  of  cacti  {Optintia  sp.).  Cactus  is  uncommon  in  the  Eastern  Cross 
Timbers,  which  may  account  for  the  paucity  of  houses  that  without  the 
spiny  cactus  would  be  relatively  unprotected.  One  individual  was  caught  at 
the  entrance  of  a  small  hole  between  two  large  flat  rocks.  N.  f.  osagensis  is 
usually  associated  with  Peromyscus  boylii.  These  two  species  seem  to  prefer 
the  same  type  of  habitat,  although  N .  f.  osagensis  is  not  dependent  on  the 
presence  of  rocks  for  its  occurrence. 

Measurements.  Averages  of  five  adults,  3  males  and  2  females,  with  mini¬ 
mum  and  maximum  measurements  in  parenthesis,  are  as  follows:  Total 
length,  356  (339-377);  length  of  tail,  157  (152-168);  length  of  hind 
foot,  39.6  (38-41);  basilar  length,  40.1  (39.0-41,0);  zygomatic  breadth, 
25.9  (24.8-27.0);  length  of  nasals,  18.9  (18.0-19.8);  length  of  incisive 
foramina,  9.5  (9. 1-9.9)  ;  greatest  diameter  of  auditory  bullae,  7.1  (7. 1-7. 3); 
length  of  molar  tooth  row,  9.8  (9.2-10.2). 

Specimens  examined,  six,  as  follows:  7  mi.  N  Gainesville,  1;  13  mi.  NE 
Gainesville,  1;  4  mi.  NNE  Myra,  1;  4  mi.  NE  Rosston,  1;  3  mi.  NE  Leo, 
2.  Additional  records:  Gainesville,  2  (Bailey  1905:109), 
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Micro  f  ns  pine  forum  nemoralis  Bailey — Pine  Vole.  This  single  specimen 
is  probably  best  referred  to  M.  p.  nemoralis;  however,  it  differs  from  typical 
examples  of  nemoralis  in  several  respects.  The  general  color  of  the  upper 
parts  is  a  light  hazel,  the  tip  of  each  individual  hair  being  light  cinnamon- 
rufous  and  the  base  slate-gray.  The  specimen  from  Cooke  County  is  much 
paler  than  any  individual  that  I  have  examined  of  M.  p.  nemoralis  or  M.  p. 
auricularis.  The  length  of  the  skull  approaches  that  of  M.  p.  nemoralis,  but 
other  cranial  measurements  (see  measurements)  agree  with  those  of  M.  p. 
auricularis.  The  possibility  of  an  undescribed  subspecies  of  M.  pinetorum  in 
north-central  Texas  is  recognized,  but  1  hesitate  to  propose  a  new  name  on 
the  basis  of  a  single  specimen. 

Pine  voles  inhabit  the  cross  timbers  in  Cooke  County.  Their  burrows 
were  fairly  numerous  in  the  Eastern  Cross  Timbers,  especially  south  of 
Woodbine  where  the  one  specimen  was  taken.  Repeated  trapping  in  this 
area  failed  to  obtain  additional  specimens.  Ben  E.  Ludeman  of  Cotulla, 
Texas,  informed  me  that  he  caught  a  pine  vole  in  the  vicinity  of  Marysville 
in  the  Western  Cross  Timbers,  but  this  specimen  has  since  been  misplaced. 
The  heavy  clay  soils  of  the  Grand  Prairie  offer  an  unfavorable  habitat  to 
Microtus  pinetorum,  and  the  species  probably  is  absent  from  this  area. 
For  the  name  combination,  M.  p.  nemoralis,  see  Hall  and  Cockrum  (19  52: 
448). 

Measurements:  An  adult  male,  as  follows:  Total  length,  129;  length  of  tail, 
19;  length  of  hind  foot,  19;  basal  length,  23.4;  zygomatic  breadth,  14.9; 
length  of  nasals,  7.0;  mastoid  breadth,  12.3;  alveolar  length  of  molar  tooth- 
row,  6.1;  interorbital  constriction,  4.3. 

Specimen  examined,  one,  10  mi.  SE  Gainesville. 

Mus  musculus  musctilus  Linnaeus — House  Mouse.  House  mice  were 
abundant  in  cultivated  fields  on  the  Grand  Prairie,  and  in  most  localities, 
especially  corn  fields,  they  were  the  only  small  rodent  taken.  Seemingly 
they  replace  native  mice  on  cultivated  land.  Only  two  specimens  were 
saved. 

Specimens  examined,  two,  as  follows:  3  mi.  SE  Gainesville,  1;  Willow  Creek, 
6  mi,  SW  Gainesville,  1. 

Sylvlagus  floridanus  alacer  (Bangs) — Eastern  Cotton-tail  Rabbit.  The 
one  specimen  obtained  is  indistinguishable  from  typical  examples  of  S.  /. 
alacer,  and  is  well  within  the  known  distribution  of  that  subspecies  (see  Hall, 
1951:154). 

Rabbits  were  extremely  scarce  in  Cooke  County  during  the  period  of 
collecting,  but  they  were  common  in  the  summer  of  1952.  As  noted  above, 
cotton  rats  also  decreased  in  this  same  period. 

The  specimen  was  shot  in  late  August  on  the  Grand  Prairie,  and  con¬ 
tained  six  embryos  that  averaged  37  mm.  in  crown-rump  length. 

Specimen  examined,  one,  6  mi,  NE  Myra. 

Sylvilagus  aqua  ficus  aqua  ficus  (Bachman) — Swamp  Rabbit.  Swamp 
rabbits  frequently  are  seen  along  streams  in  Cooke  County.  Here  they  in¬ 
habit  the  thickest  brush,  and  several  times  I  have  flushed  them  into  the 
water.  They  swim  with  only  their  heads  exposed,  their  ears  lying  back  on 
the  water.  Osgood  (1909:273)  records  one  specimen  from  "Cooke  County”. 

Lepus  californicus  melanotis  Mearns — Black-tailed  Jackrabbit.  Jack- 
rabbits  are  common  in  Cooke  County,  and  were  observed  almost  daily,  es¬ 
pecially  on  the  Grand  Prairie.  However,  no  specimens  were  taken.  Bailey 
(1905:155)  records  a  specimen  from  Gainesville. 
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Dasyptis  novemcinchis  mexicanu^  Peters — Nine-banded  Armadillo. 
Armadillos  are  fairly  common  in  Cooke  County.  Several  local  farmers  as¬ 
sured  me  that  they  had  not  seen  them  previous  to  1936  or  1937.  Armadillos 
seem  to  prefer  the  cross  timbers.  Their  burrows  are  numerous  under  the 
roots  of  trees,  especially  along  the  banks  of  creeks.  The  sandy  soils  and 
abundant  food  supply  of  insect  larvae  that  live  under  the  leaf  litter  prob¬ 
ably  encourage  the  armadillo  to  live  in  the  cross  timbers.  Armadillos  seem 
to  be  absent  or  rare  on  the  Grand  Prairie.  The  heavy  soils  and  dryer  condi¬ 
tions  are  unfavorable  for  their  occurrence  (Russell,  195  3:24). 

John  Hudson  presented  me  with  a  skull  taken  on  his  farm.  Armadillos 
were  seen  dead  on  county  roads  from  time  to  time,  and  several  were  ob¬ 
served  foraging  in  open  fields  adjacent  to  wooded  sections. 

Specimen  examined,  one,  7  mi.  SSE  Gainesville. 
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INTRODUCTION 

Until  recently,  little  organized  herpetological  collecting  has  been  done 
in  the  Lake  Texoma  area  of  northern  Texas  and  southern  Oklahoma.  Various 
sporadic  collections  have  been  made  by  interested  students  and  individuals 
in  the  vicinity,  but  no  attempt  has  been  made  to  organize  these  collections. 
This  report  is  the  outgrowth  of  collecting  done  by  the  authors  from  the 
spring  of  1949,  until  the  present.  The  purpose  of  this  paper  is  to  present  a 
check  list  of  the  known  species  of  the  Lake  Texoma  area,  with  such  distri¬ 
butional  and  ecological  data  as  seems  pertinent. 

Lake  Texoma  is  an  artificial  lake  formed  by  the  Denison  Dam  across 
Red  River  between  Grayson  County,  Texas,  and  Bryan  County,  Oklahoma, 
as  shown  in  Figure  1.  This  dam  was  completed  in  1944,  and  impounds 
93,080  acres  of  water  at  the  normal  power  pool  elevation  of  617  feet  above 
mean  sea  level. 

The  Lake  Texoma  area  (Figure  1)  lies  in  a  transition  zone  between 
the  eastern  deciduous  forests  and  the  grasslands  of  the  Great  Plains,  This 
zone  is  characterized  by  an  interdigitation  of  both  eastern  and  western  vege- 
tational  forms.  On  the  Oklahoma  side  of  the  lake  the  dominant  vegetation 
consists  mostly  of  postoak  {Quercus  sfellafa),  blackjack  oak  (Q.  mariland- 
ica) ,  and  grasses,  chiefly  of  the  genera  Andropogon  and  Fanicum.  On  the 
Texas  side  there  is  a  lesser  number  of  oaks  and  an  increase  in  the  prairie 
type  of  vegetation.  Extending  westward  from  the  dam  on  the  Texas  side, 
the  southern  shore  of  the  lake  is  characterized  by  limestone  bluffs.  These 
bluffs  gradually  decrease  in  size  until  they  disappear  near  the  Cooke-Gray- 
son  county  line. 

The  average  annual  rainfall  of  the  area  is  approximately  3  5  to  37 
inches,  and  the  average  annual  temperature  is  approximately  68  degrees 
Fahrenheit. 

Specimens  of  the  known  forms  of  amphibians  and  reptiles  collected  on 
the  Oklahoma  side,  principally  in  Bryan  County,  are  deposited  in  the  Texas 
Natural  History  Collection,  The  University  of  Texas.  Specimens  collected 
on  the  Texas  side,  principally  in  Grayson  and  Cooke  Counties,  are  now  the 
property  of  the  Department  of  Wildlife  Management,  The  Agricultural 
and  Mechanical  College  of  Texas  or  the  senior  author’s  private  collection. 
Some  of  the  specimens,  largely  duplicates,  were  in  the  collection  of  the 
Austin  College  Biology  Department,  Sherman,  Texas.  These  specimens, 
however,  were  destroyed  by  fire  in  December,  1952. 

We  wish  to  acknowledge  the  assistance  of  the  following  persons:  G.  R. 
Dickerson,  formerly  of  Colbert,  Oklahoma;  L,  D.  Lewis,  former  wildlife 
student  at  The  Agricultural  and  Mechanical  College  of  Texas;  John  Mc- 
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FIGURE  I.  THE  LAKE  TEXOMA  REGION. 


Clure,  Assistant  Manager  of  the  Hagerman  National  Wildlife  Refuge,  Gray¬ 
son  County;  and  M.  D.  Bryant,  Head,  Department  of  Biology,  Austin 
College. 

ANNOTATED  LIST  OF  SPECIES 

The  following  list  includes  all  species  that  are  definitely  known  to 
occur  in  the  Lake  Texoma  area.  No  attempt  has  been  made  to  include 
probable  species  that  were  not  collected  or  species  known  to  occur  in  areas 
adjacent  to  the  lake  area,  but  which  were  not  collected  within  the  limits 
of  the  present  study. 

Diemk'tylus  viricicscens  louisianensis  ( Wolterstorff ) — Louisiana  Newt 

This  species  is  apparently  very  rare  in  the  Lake  Texoma  area,  since 
only  one  specimen  has  been  reported.  This  individual  was  found  in  the  spring 
of  1950,  in  a  semi-swamp  area,  five  miles  southwest  of  Colbert.  Further 
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collecting  in  this  locality  has  failed  to  reveal  any  additional  specimens.  The 
occurrence  of  this  species  in  the  region  has  previously  been  recorded  as  a 
new  locality  record  (McCarley,  1953). 

Ambystoma  texanum  (Matthes)— Texas  Salamander 

The  Texas  salamander  is  the  most  common  salamander  in  this  region. 
In  the  spring  of  19 50,  they  were  very  common  on  the  floodplain  of  the  Red 
River  immediately  below  the  Denison  Dam.  Here  they  were  found  under 
almost  every  log  in  a  low  semi-swamp  area.  Specimens  were  also  collected 
from  a  few  shallow  ponds  in  Grayson  County.  Large  numbers  of  larvae  in 
these  shallow  ponds  are  destroyed  when  commercial  bait  dealers  seine  for 
crayfish. 

S/rcw  intermedia  nettingi  Coin- — Texas  Dwarf  Siren 

The  occurrence  of  the  dwarf  siren  in  the  immediate  vicinity  of  Lake 
Texoma  has  yet  to  be  verified.  One  individual  was  given  to  the  junior  au¬ 
thor  from  a  locality  fifteen  miles  southeast  of  Durant.  This  locality  is  on 
the  floodplain  of  the  Red  River  below  the  lake  (McCarley,  1953  ). 
Scaphiopm  hurteri  Strecker — Texan  Spadefoot 

The  presence  of  this  species  in  the  region  had  been  suspected,  but  be¬ 
cause  of  its  habit  of  breeding  only  after  heavy  rains  it  had  not  been  possible 
to  obtain  specimens.  It  was  not  until  April  5,  1953,  that  spadefoots  were 
heard  calling  in  this  region.  Six  specimens  were  collected  on  the  night  of 
April  5,  in  Colbert,  Oklahoma,  following  a  rainfall  in  excess  of  two  inches 
during  that  day. 

Bufo  woodhotisei  woodhotisei  Girard 

This  species  of  toad  was  the  only  one  encountered  in  this  area.  Our 
records  indicate  that  in  this  region  they  breed  from  March  26  to  June  1. 
Most  of  the  specimens  are  referable  to  the  race  woodhomei,  since  they  fit 
the  description  for  this  race  more  than  any  other.  Some  of  the  specimens, 
however,  approach  the  race  fowleri  and  could  be  assigned  with  equal  justi- 
cation  to  this  race.  A.  P.  Blair  (1941)  has  shown  that  this  region  is  an 
area  of  intergradation  between  these  two  races. 

Acris  grylhis  (Le  Conte)— Cricket  Frog 

The  cricket  frog  is  the  most  abundant  anuran  in  this  area,  and  cer¬ 
tainly  the  most  widely  distributed.  It  was  found  in  ditches,  potholes,  ponds, 
streams,  and  Lake  Texoma. 

Pseud  acris  clarki  (Baird)— Chorus  Frog 

This  small  amphibian  was  heard  in  many  places  during  the  spring  and 
summer  of  the  years  that  collecting  has  been  done  in  this  area.  Specimens 
were  collected  in  temporary  rain  pools  near  the  dam  spillway  and  in  rain 
pools  one-half  mile  west  of  Colbert.  Our  records  show  that  in  this  region 
Psetidacris  clarki  may  breed  as  late  as  August  20. 

Pseud  acris  nigrita  triseriata  (Wied)— Striped  Chorus  Frog 

This  species  is  not  very  abundant  in  this  region.  One  individual  was 
taken  from  a  spring  pool,  six  miles  east  of  Durant.  Six  individuals  were  col¬ 
lected  one-half  mile  west  of  Colbert  on  August  20,  1950.  These  individuals 
were  calling  in  the  same  area  with  Pseudacris  clarki,  but  there  were  no  mixed 
choruses  nor  were  the  two  species  ever  found  together  in  the  same  rain  pool. 

Pseudacris  streckeri  streckeri  Wright  and  Wright— Strecker’s  Ornate  Chorus 
Frog 
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The  ornate  chorus  frog  is  the  most  abundant  Pseuciacris  in  this  region. 
It  apparently  breeds  here  only  in  the  spring.  A  large  series  was  collected 
one-half  mile  west  of  Colbert  in  the  spring  of  1950, 

Hyla  versicolor  chrysoscelis  (Cope) — Cope’s  Tree  Frog 

These  tree  frogs  were  particularly  numerous  in  a  slough  on  the  flood- 
plain  of  the  Red  River  below  the  Denison  Dam.  They  were  heard  calling 
elsewhere  around  the  lake,  but  never  in  large  numbers. 

Kana  catesbeiana  Shaw — Bullfrog 

In  this  region  the  bullfrog  is  comparatively  abundant  in  most  perma¬ 
nent  bodies  of  water.  In  Lake  Texoma  its  abundance  is  probably  limited  by 
heavy  hunting.  Bullfrogs  were  formerly  common  along  the  sloughs  running 
into  the  lake,  but  now  only  a  few  scattered  individuals  remain.  Reproduc¬ 
tion  has  been  hampered  by  fluctuating  water  level,  hunting,  and  numerous 
predatory  fishes. 

Kana  pipiens  Schreber — Leopard  Frog 

Rana  pipiens  is  abundant  in  all  bodies  of  water  in  this  region. 

Microhyla  olivacea  (Hallowell) — Narrow-mouthed  Frog 

These  small  frogs  were  found  only  during  rainy  spells,  when  they  came 
out  to  breed  in  temporary  rain  pools  in  grassy  pastures.  Specimens  were 
collected  May  15,  1950,  from  the  Guinea  Creek  tributary  of  Lake  Texoma 
in  Cooke  County,  and  in  the  spring  and  summer  of  1950  in  grassy  pastures 
one  mile  west  of  Colbert, 

Kinosfernon  subrubrum  hippocrepis  Gray — Mississippi  Mud  Turtle 

This  species  was  found  in  nearly  all  permanent  bodies  of  water,  par¬ 
ticularly  those  containing  abundant  aquatic  vegetation. 

Cbelydra  serpentina  serpentina  (Linnaeus) — Snapping  Turtle 

Snapping  turtles  are  widely  distributed  in  this  region  and  occur  in 
most  permanent  bodies  of  water  except  the  fast  flowing  streams.  Usually 
only  a  few  individuals  occur  in  the  smaller  ponds,  and  these  occasionally 
reach  a  large  size, 

Terrapene  Carolina  triunguis  (Agassiz) — Three- toed  Box  Turtle 

This  species  of  terrapin  is  widely  distributed  and  is  abundant  in  both 
the  uplands  and  lowlands  of  this  region.  It  is  frequently  seen  on  highways 
and  country  roads  after  a  heavy  rain. 

Terrapene  ornata  ornata  (Agassiz) — Ornate  Box  Turtle 

In  this  region  the  ornate  box  turtle  is  ordinarily  found  only  in  the 
uplands  and  better  drained  areas. 

Graptemys  pseudo  geo  graphic  a  (Gray)- — Mississippi  Map  Turtle 

In  this  region,  map  turtles  were  collected  only  from  Lake  Texoma.  One 
individual,  collected  in  the  spring  of  1949,  was  known  to  have  been  sub¬ 
merged  in  a  hoop  net  for  3  0  hours  and  was  still  alive  when  the  net  was  raised. 
Pseudemys  scripta  elegans  (Wied) — Red-eared  Turtle 

Red-eared  turtles  are  common  in  back  bays  and  sloughs,  both  in  Lake 
Texoma  and  in  Red  River  below  the  dam.  They  were  frequently  seen  sun¬ 
ning  on  stumps  and  brush  in  the  water. 

Deirochelys  reticnlaria  (Latreille) — Chicken  Turtle 

This  species  is  apparently  very  rare  in  the  Lake  Texoma  region.  Only 
one  individual  was  collected.  This  specimen  was  found  on  State  Highway 
10,  five  miles  south  of  Whitesboro. 

Aniyda  ferox  emoryi  (Agassiz) — Emory’s  Soft-shelled  Turtle 

This  species  is  definitely  known  to  occur  only  in  the  upper  part  of 
the  lake  in  the  vicinity  of  the  Gainesville  crossing  of  the  Red  River  arm. 
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Amyda  miitica  (Le  Sueur) — Spineless  Soft-shelled  Turtle 

The  spineless  soft-shelled  turtle  is  very  common  both  in  Lake  Texoma 
and  in  Red  River  below  the  dam. 

Crotaphytus  collaris  collaris  Say — Eastern  Collared  Lizard 

The  collared  lizard  is  apparently  limited  in  its  distribution  in  this 
region,  becoming  more  common  in  the  drier  plains  to  the  west.  Only  one 
specimen  was  collected  in  the  Lake  Texoma  region.  This  individual  was 
taken  on  the  rocky  river  bank  near  Guinea  Creek  in  Cooke  County. 
Sceloporus  undulatus  hyacinthinus  (Green) — Northern  Fence  Lizard 

The  fence  lizard  is  very  common  in  most  timbered  areas  in  the  region. 
Phrynosoma  conmtiim  (Harlan) —Texas  Horned  Lizard. 

The  horned  lizard  is  fairly  abundant  in  this  region,  but  it  is  apparently 
restricted  to  the  dry  sandy  uplands. 

Lygosoma  later  ale  (Say) — Brown  Skink 

The  brown  skink  is  the  most  common  skink  in  the  Lake  Texoma 
region.  It  occurred  in  all  the  wooded  areas  bordering  the  lake  and  was 
found  living  in  leaf  mold,  brush  piles,  and  other  similar  habitats. 

Eumeces  fasciatus  (Linnaeus) — Common  Five-lined  Skink 

The  five-lined  skink  is  commonly  found  under  logs,  boards,  and 
driftwood  in  all  wooded  areas  of  this  region.  Our  records  indicate  that  it 
is  more  abundant  in  the  lowlands  than  in  the  uplands. 

Eumeces  laticeps  (Schneider) — ^Greater  Five-lined  Skink 

Only  two  specimens  of  Eumeces  laticeps  were  collected  in  this  region. 
These  individuals  were  collected  on  the  floodplain  of  the  Red  River,  five 
miles  southwest  of  Colbert. 

Cnemidophorus  sexline atus  (Linnaeus)— Six-lined  Racerunner 

Racerunners  occurred  in  all  of  the  well-drained  areas  around  Lake 
Texoma,  particularly  those  areas  that  have  been  cleared  of  timber.  Popula¬ 
tions  of  these  lizards  are  now  present  on  various  islands  in  the  lake,  par¬ 
ticularly  the  sand  dunes  of  Arrowhead  Island,  Marshall  County. 

Ophisaurus  ventralis  (Linnaeus) — -Glass-snake  Lizard 

This  eastern  species  is  not  common  in  the  Lake  Texoma  region.  One 
individual  was  collected  at  the  Texoma  Fisheries  Station  in  Grayson  County 
on  May  13,  1951.  Another  specimen  was  brought  in  by  a  member  of  the 
U,  S.  Corps  of  Engineers,  Malaria  Survey  Group,  from  the  vicinity  of 
Burns  Run  Resort  in  Bryan  County,  Oklahoma. 

Leptotyphlops  dulcis  dulcis  Baird— Texas  Blind  Snake 

This  secretive  species  is  probably  more  common  than  our  records  would 
indicate.  Only  one  individual  was  collected  in  this  region,  and  this  indi¬ 
vidual  was  found  living  in  leaf  mold  at  the  Texoma  Fisheries  Station  in 
April,  1952. 

Diadophis  punctatus  arnyi  Kennicott — Ring-necked  Snake 

The  ring-necked  snake  is  widespread  in  the  Lake  Texoma  area,  but 
nowhere  was  it  found  to  be  very  abundant. 

Heterodoit  platyrhinos  platyrhinos  Latrielle — Hog-nosed  Snake 

Hog-nosed  snakes  are  very  abundant  in  this  region  and  are  known 
locally  as  puff  adders  and  spreading  adders. 

O pheodrys  aestivus  Linnaeus— Rough  Green  Snake 

This  snake  was  very  common  in  grassy  areas,  such  as  pastures,  meadows, 
and  field  borders. 

Coluber  constrictor  flaviventris  Say— Blue  Racer 
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Several  racers  were  collected  from  open  grassy  areas,  particularly  near 
abandoned  farm  buildings.  In  the  Lake  Texoma  area,  blue  racers  have  a 
wide  ecological  distribution. 

Masticophis  flagellum  flagellutn  Shaw—Eastern  Coachwhip 

This  species  is  probably  more  common  in  the  area  than  our  records 
would  indicate.  One  individual  was  collected  seven  miles  northwest  of 
Colbert. 

Elaphe  obsoleta  confinh  Baird  and  Girard-— Rat  Snake 

Rat  snakes  or  chicken  snakes,  as  they  are  called  locally,  are  very  com¬ 
mon  in  this  region.  Several  adults  and  one  juvenile  were  collected  in  the 
lake  area. 

Fituophh  catenifer  sayi  Schlegel— Common  Bull  Snake 

Bull  snakes  are  common  in  open  pastures  and  fields  in  the  dry  uplands 
of  this  region. 

Lampmpeltk  calUgaster  calUgaster  (Harlan)— Blotched  King  Snake 

Only  one  individual  of  this  species  was  collected.  This  specimen  was 
found  in  April,  1950,  on  the  road  across  the  Denison  Dam. 

Lampropelth  getulus  holbro-oki  Stejneger— Speckled  King  Snake 

One  specimen  was  collected  in  May,  1950,  from  State  Highway  10, 
near  the  Graysoe-Denton  county  line.  Another  was  observed,  but  not  col¬ 
lected,  at  Texoma  Fisheries  Station  at  the  head  of  Little  Mineral  Bay, 
Grayson  County. 

Matrix  taxis  pilot  a  rhombifera  Hallowell— Diamond-backed  Water  Snake 
The  diamond-backed  water  snake  is  relatively  common  in  this  area, 
especially  in  waters  with  a  heavy  growth  of  aquatic  vegetation. 

Matrix  sipedon  confluens  Blanchard— Mississippi  River  Water  Snake 

This  water  snake  was  generally  found  in  the  same  localities  as  Matrix 
taxis  pilot  a,  but  it  was  not  as  common. 

Matrix  erythrogasier  transversa  Hallowell— Yellow-bellied  Water  Snake 

Matrix  erythrogasier  is  the  most  common  water  snake  on  the  Oklahoma 
side  of  the  collecting  area. 

Storeria  dekayi  Holbrook— De  Kay's  Snake 

Two  specimens  of  this  species  were  collected  by  L.  D,  Lewis  in  the 
spring  of  1949,  under  a  rock  at  an  abandoned  farm  house  near  the  dam. 
These  individuals  were  given  to  the  Agricultural  and  Mechanical  College 
of  Texas. 

Haldea  striatula  Linnaeus— Ground  Snake 

Ground  snakes  are  relatively  common  in  the  Lake  Texoma  area.  Sev¬ 
eral  were  collected  from  beneath  boards,  logs,  and  brush  in  the  well-drained 
uplands. 

Thamnophis  sauritus  proxhnus  Say — Western  Ribbon  Snake 

The  species  was  found  to  be  more  common  near  water  in  a  semi- 
aquatic  habitat  than  in  the  drier  areas. 

T ro pidoclonion  Uneatum  Hallowell — Lined  Snake 

The  lined  snake  is  widespread  in  its  distribution  in  this  area.  Two 
individuals  were  collected  by  John  McClure  in  his  yard  in  Sherman,  Texas, 
in  the  spring  of  19  50.  Several  were  collected  below  the  dam  in  Bryan  County 
in  the  summer  of  1950. 

Agkistrodon  contortrix  mokasen  Beauvois — -Copperhead 

The  copperhead  is  fairly  common  in  the  rocky  brushland  surrounding 
the  lake  on  the  Texas  side.  Eight  have  been  taken  in  the  immediate  area 
of  Texoma  Fisheries  Station  in  the  past  two  years.  On  the  Oklahoma  side 
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the  copperhead  is  more  common  in  the  postoak-blackjack  uplands  than  in 
the  lowlands. 

Agkistrodon  piscivorus  leucostoma  (Troost)— Water  Moccasin 

Water  moccasins  were  recorded  from  Colbert,  five  miles  southwest, 
two  miles  west,  six  miles  northwest,  and  from  the  Hagerman  National 
Wildlife  Refuge.  The  junior  author  believes  that  the  moccasin  is  more 
common  than  present  records  indicate,  for  he  recalls  seeing  this  species  many 
times,  particularly  on  log  jams  in  the  river  below  the  dam, 

Sisimrus  miliarhis  streckeri  Gloyd — Ground  Rattler 

Ground  rattlers  were  found  to  be  common  in  the  lowlands  of  this 
region.  Several  specimens  were  collected  from  the  floodplain  of  Red  River, 
below  the  dam. 

Cro  talus  horridus  atricaudatus  Latreille“~"Canebrake  Rattler 

The  canebrake  rattler  is  fairly  common  in  the  rough  brushland  and 
timbered  areas  around  the  lake.  All  the  "timber  rattlers”  that  have  been 
examined  from  this  area  are  referable  to  the  race  atricaudatus  rather  than 
to  the  race  horridus. 


SUMMARY 

Fifty-one  species  of  amphibians  and  reptiles  were  collected  in  the 
Lake  Texoma  region.  Thirteen  of  these  species  were  amphibians,  including 
three  species  of  salamanders  and  ten  species  of  frogs  and  toads.  Thirty- 
eight  species  of  reptiles  were  collected,  including  nine  species  of  turtles, 
eight  species  of  lizards  and  21  species  of  snakes.  Additional  collecting  in 
this  region  should  reveal  the  presence  of  additional  forms  of  amphibians  and 
reptiles. 
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THE  DETERMINED  AND  THE  CALCULATED  THIAMINE 
VALUES  OF  DAILY  CAFETERIA  MEALS  SELECTED 
BY  COLLEGE  WOMEN 

BENNIE  C.  HOLLEY  and  FLORENCE  L  SCOULAR 
North  Texas  State  College 

In  a  previously  reported  study  from  this  laboratoryj  Scoular  and 
Rankin  (195  3)  investigated  the  thiamine  content  of  self-selected  diets 
of  young  women  with  and  without  the  addition  of  one  serving  of  cornbread 
made  with  enriched  cornmeaL  The  daily  composite  foods  ingested  (all  foods 
except  the  beverage  food  milk)  were  analyzed  for  their  thiamine  content 
and  found  to  furnish  from  0.3  3  to  1.73  mg  of  thiamine  per  days  with  an 
average  of  0.92  mg,  for  the  groups  receiving  the  serving  of  unenriched 
cornmeal  bread;  and  from  0.51  to  2.26,  with  an  average  of  1,07  mg,  for 
the  groups  receiving  the  serving  of  cornbread  made  with  the  enriched  corn- 
meal.  The  urinary  thiamine  excretion  of  these  two  groups  of  women  aver¬ 
aged  from  0,05  to  0.15  and  from  0,04  tO'  0.30  mg  respectively,  with  an 
average  of  0.12  mg.  These  thiamine  excretions  suggest  that  many  of  these 
young  college  women  were  low  in  thiamine  reserves  and  that  these  self- 
selected  diets  were  similar  to  those  previously  consumed.  The  study  of  Old¬ 
ham  and  coworkers  (1946)  gave  similar  results;  their  subjects,  who  were 
on  a  freely  chosen  diet,  excreted  an  average  of  0.097  mg  of  thiamine  and 
were  considered  to  be  in  only  a  fair  state  of  nutrition  with  respect  to  thia¬ 
mine,  since  they  returned  only  6.3%  of  a  test  dose.  The  results  of  these 
studies  indicated  the  need  for  additional  studies  tO'  verify  these  low  intakes 
without  macro  evidence  of  thiamine  deficiency.  The  purpose  of  the  present 
study  was  to  determine  the  thiamine  content  of  the  three  daily  meals  chosen 
from  a  cafeteria  counter  by  college  age  women  living  in  a  dormitory. 

PROCEDURE 

The  composite  meals  (all  foods  except  the  beverage  milk  and  the 
meats  at  the  noon  and  night  meals)  were  collected  as  the  typical  meals 
chosen  by  the  students  going  down  the  line,  at  the  same  time  that  the 
students  were  making  their  selections.  The  meats  at  the  noon  and  night 
meals — two  choices,  (a)  and  (b),  at  each  meal — were  analyzed  separately, 
since  the  other  food  combinations  chosen  were  centered  about  one  or  the 
other  of  the  two  meats  on  the  menu. 

Just  three  breakfasts  were  collected  for  analysis  because  they  offered 
less  variety  from  day  to  day.  The  three  typical  breakfasts  analyzed  were 
composed  of  fruit,  bacon,  eggs,  breadstuff,  and  preserves;  fruit,  cooked 
cereal,  milk,  bacon,  and  breadstuff,  and  preserves;  and  fruit,  prepared  cer¬ 
eal,  milk,  breadstuff,  and  preserves. 

Both  the  noon  and  the  night  meal  offered  a  choice  of  a  meat,  two  vege¬ 
tables,  one  salad  (or  two  salads  and  one  vegetable),  bread  and  butter,  des¬ 
sert  and  beverage.  Three  noon  and  three  night  meals,  exclusive  of  the  meat, 
were  collected  on  three  successive  days.  Six  noon  and  six  night  meals  were 
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thus  obtained,  since  each  composite  could  be  used  with  each  of  the  two 
meats.  The  individual  foods  represented  in  these  composite  meals  are  shown 
in  Table  I. 

The  food  used  in  preparing  these  cafeteria  meals  was  purchased  in 
quantity  to  serve  1200  each  day.  Market  orders  for  fresh  fruit  and  vege¬ 
tables  were  made  daily.  Meat  was  usually  bought  in  100-pound  lots  and 
kept  either  at  freezing  or  at  thawing  temperatures. 

Food  remained  on  the  cafeteria  counter  forty  minutes  at  breakfast 
and  for  two  hours  at  the  noon  and  night  meals. 

All  meals  were  collected  in  wide-mouthed  Ball  jars  and  weighed.  The 
food  was  macerated  in  the  Waring  Blendor  before  sampling  for  analysis. 
All  food  samples  were  refrigerated  until  time  of  analysis.  Both  the  meat 
and  the  composite  food  samples  were  treated  identically,  except  that  clarase 
was  used  in  the  incubation  of  the  composite  food  samples  and  pepsin  was 
used  for  the  meat  samples  (Summer  and  Somers,  1949).  The  thiamine 
content  was  determined  by  using  Conner  and  Straub’s  method,  with  modi¬ 
fications  from  the  Association  of  Vitamin  Chemists  (1947)  and  Gyorgy 
(1950)  in  developing  thiamine  to  thiochrome. 

RESULTS  AND  DISCUSSION 

The  thiamine  contents  of  the  three  composite  breakfast  samples  were 
similar  (see  Table  II),  except  for  number  three,  which  was  lower  in  thia¬ 
mine.  The  latter  consisted  of  grapefruit,  puffed  rice  and  milk,  whole  wheat 
toast,  and  preserves,  while  the  other  two  included  bacon.  Breakfast  one 
also  included  an  egg.  The  breakfasts  furnished  an  average  of  0.22  mg  of 
thiamine,  with  a  range  of  0.16  to  0.27  mg. 

On  both  Day  I  and  Day  III  the  night  meals  averaged  less  thiamine  than 
the  noon  meals,  although  the  individual  composites  for  the  noon  and  night 
meals  varied  considerably.  Six  of  the  nine  noon  composites  furnished  more 
thiamine  than  the  night  composites.  Comparing  the  foods  (see  Table  I)  in 
the  composites  analyzed,  it  is  evident  that  the  higher  thiamine  values  are 
usually  associated  with  the  inclusion  of  dried  beans  or  peas  in  the  meal.  To 
illustrate,  noon  composite  2  and  night  composite  1  for  Day  I,  and  noon 
composite  1  and  night  composite  2  for  Day  II  and  Day  III,  all  included 
dried  peas  or  beans  and  are  higher  in  their  thiamine  content.  The  thiamine 
content  of  the  noon  meal  composites  averaged  from  0.19  to  0.36  for  the 
three  days,  while  the  night  composites  averaged  from  0.18  to  0.21  mg  for 
these  same  days. 

The  highest  thiamine  values  from  a  serving  of  meat  were  obtained 
the  first  day,  with  hamburger  and  bun  furnishing  0.12  mg,  baked  ham 
loaf  0.12  mg,  and  turkey  and  dressing  0.10  mg.  The  least  was  furnished  by 
a  serving  of  salmon  croquettes,  namely  0.02  mg  of  thiamine.  The  ham, 
which  is  known  to  be  high  in  thiamine,  accounts  for  the  higher  thiamine 
value  of  a  serving  of  baked  ham  loaf.  The  higher  values  of  the  hamburger 
and  bun  and  of  the  turkey  and  dressing  may  in  part  be  due  to  the  use  of 
enriched  white  flour  in  the  preparation  of  the  buns  and  to  the  use  of  en¬ 
riched  white  bread  in  the  dressing  served  with  the  turkey.  Five  of  the  meat 
selections  furnished  0.0  S  mg  of  thiamine,  while  the  average  of  the  twelve 
meat  servings  analyzed  during  these  three  days  was  0.068  mg  per  serving. 

The  combination  of  the  noon  and  night  composites  with  meat  (a) 
and  with  meat  (b)  give  an  average  range  of  0.24  to  0.46  and  0.23  to  0.48 
mg  of  thiamine  for  the  noon  meal,  and  from  0.20  to  0.39  and  0.23  to  0.29 
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mg  of  thiamine  for  the  night  meal,  respectively.  The  fact  that  the  meat 
choices  were  found  to  differ  one  from  the  other  in  their  thiamine  content  is 
the  main  reason  for  this  great  range  in  thiamine  furnished  by  the  noon 
and  night  meals,  although  the  individual  food  composites  varied  also. 

The  greatest  variability  in  the  thiamine  content  of  the  meat  samples 
occurred  on  Day  I,  with  a  range  from  0.0  5  to  0.15  mg  per  serving.  There 
was  less  variation  in  the  thiamine  content  of  the  meats  (a)  and  (b)  on 
the  other  two  days;  namely,  0.04  to  0.06  and  0.02  to  0.28,  respectively. 


TABLE  II 


THE  THIAMINE  CONTENT  OF  THE  COMPOSITE  MEALS  WITH  AND 
WITHOUT  THE  THIAMINE  FROM  MEAT  (a)  AND  MEAT  (b) 


Food  Selections 

Comp,  food^ 

Meat  Values 
(a)  (b) 

Comp,  food 
plus  Meat 
(a) 

Comp,  food 
plus  Meat 

(b) 

mg 

mg 

mg 

mg 

mg 

Morning: 

Comp.  I 
”  2 

0.27 

— 

— 

— 

0.24 

• — 

— 

• — 

• — 

3 

Average 

0.16 

0.22 

— 

DAY  I 

Noon :  Comp.  ( 1 ) 
(2) 

0.35 

0.10 

0.12 

0.45 

0.47 

0.39 

0.10 

0.12 

0.49 

0.51 

(3) 

0.34 

0.10 

0.12 

0.44 

0.46 

Average 

0.36 

0.10 

0.12 

0.46 

0.48 

Night:  Comp.  (1) 

0.27 

0.15 

0.05 

0.42 

0.32 

(2) 

0.20 

0.15 

0.05 

0.35 

0.25 

(3) 

0.25 

0.15 

0.05 

0.40 

0.30 

Average 

0.24 

0.15 

0.05 

0.39 

0.29 

DAY  11 

Noon :  Comp.  (  1  ) 
(2) 

0.24 

0.05 

0.04 

0.29 

0.28 

0.19 

0.05 

0.04 

0.24 

0.23 

(3) 

0.14 

0.05 

0.04 

0. 1 9 

0.18 

Average 

0.19 

0.05 

0.04 

0.24 

0.23 

Night:  Comp.  (1) 
(2) 

0. 1  cS 

0.06 

0.05 

0.24 

0.23 

0.29 

0.06 

0.05 

0.35 

0.34 

(3) 

0.17 

0.06 

0.05 

0.23 

0.22 

Average 

0.21 

0.06 

0.05 

0.27 

0.26 

DAY  III 

Noon:  Comp.  (1) 

0.32 

0.08 

0.05 

0.40 

0.37 

(2) 

0.16 

0.08 

0.05 

0.24 

0.21 

(3) 

0.20 

0.08 

0.05 

0.28 

0.25 

Average 

0.23 

0.08 

0.05 

0.31 

0.28 

Night:  Comp.  (1) 

”  (2) 

0.14 

0.02 

0.05 

0.16 

0.19 

0.24 

0.02 

0.05 

0.26 

0.29 

(3) 

0.16 

0.02 

0.05 

0.18 

0.21 

Average 

0.18 

0.02 

0.05 

0.20 

0.23 

1  Beverages  not  included  in  composite. 
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The  total  daily  thiamine  provided  (see  Table  III)  is  given  for  each  of 
the  three  days’  composites  analyzed.  Each  of  the  three  noon  and  night  meal 
composites  was  combined  with  each  of  the  three  breakfasts,  as  well  as  with 
each  of  the  two  meats  available  at  the  noon  and  night  meals,  making  54 
combinations.  More  combinations  were  available  and  actually  chosen  by  the 
students.  However,  only  the  most  frequently  occurring  combinations,  such 
as  any  one  of  the  breakfasts  with  the  noon  and  night  meal  composites  with 
meats  (a)  and  (b),  were  analyzed  for  this  study.  These  combinations  gave 
daily  averages  of  0.73  to  1.08  and  0.73  to  0.99  mg  of  thiamine  for  meat 
(a)  and  meat  (b),  respectively,  with  an  overall  average  of  0.83  mg  for 
the  three  days.  From  this  table  it  is  evident  that  the  daily  intake  of  thia¬ 
mine  was  as  low  as  0.5  8  and  as  high  as  1.21  mg.  The  beverage  milk  was 


TABLE  III 

THE  DAILY  THIAMINE  CONTENT  USING  THE  COMPOSITES  PLUS 
MEAT  IN  54  DIFFERENT  COMBINATIONS 

Day  Morning  Noon  Night  Totals 

Meat  (a)  Meat  (b)  Meat  (a)  Meat  (b)  Meat  (a)  Meat  (b) 


mg 

mg 

me: 

mg 

mg 

mg 

mg 

(1)  0.27 

0.45 

0.47 

0.42 

0.32 

1.21 

1.06 

0.27 

0.49 

0.51 

0.35 

0.25 

1.11 

1.03 

0.27 

0.44 

0.46 

0.40 

0.30 

1.11 

1.03 

(2)  0.24 

0.45 

0.47 

0.42 

0.32 

1.11 

1.03 

0.24 

0.49 

0.51 

0.35 

0.25 

1.08 

1.00 

0.24 

0.44 

0.46 

0.40 

0.30 

1.08 

1.00 

(3)  0.16 

0.45 

0.47 

0.42 

0.32 

1.03 

0.95 

0.16 

0.49 

0.51 

0.35 

0.25 

1.00 

0.92 

0.16 

0.44 

0.46 

0.40 

0.30 

1.00 

0.92 

Average  for 

the  day  .  . 

.  .1.08 

0.99 

( 1 )  0.27 

0.29 

0.28 

0.24 

0.23 

0.80 

0.78 

0.27 

0.24 

0.23 

0.35 

0.34 

0.86 

0.84 

0.27 

0.19 

0.18 

0.23 

0.22 

0.69 

0.67 

(2)  0.24 

0.29 

0.28 

0.24 

0.23 

0.77 

0.75 

0.24 

0.24 

0.23 

0.35 

0.34 

0.83 

0.81 

0.24 

0.19 

0.18 

0.23 

0.22 

0.66 

0.64 

(3)  0.16 

0.29 

0.28 

0.24 

0.23 

0.69 

0.67 

0.16 

0.24 

0.23 

0.35 

0.34 

0.75 

0.73 

0.16 

0.19 

0.18 

0.23 

0.22 

0.58 

0.56 

Average  for 

the  day  . . 

.  .  .0.74 

0.72 

(1)  0.27 

0.40 

0.37 

0.16 

0.19 

0.83 

0.83 

0.27 

0.24 

0.21 

0.26 

0.29 

0.77 

0.77 

0.27 

0.28 

0.25 

0.18 

0.21 

0.73 

0.73 

(2)  0.24 

0.40 

0.37 

0.16 

0.19 

0.80 

0.80 

0.24 

0.24 

0.21 

0.26 

0.29 

0.74 

0.74 

0.24 

0.28 

0.25 

0.18 

0.21 

0.70 

0.70 

(3)  0.16 

0.40 

0.37 

0.16 

0.19 

0.72 

0.72 

0.16 

0.24 

0.21 

0.26 

0.29 

0.66 

0.66 

0.16 

0.28 

0.25 

0.18 

0.21 

0.62 

0.62 

Average  for 

the  day  . , 

.  .  .0.73 

0.73 

Average  for  the 

three  days 

.  .  .0.85 

0.81 
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not  included  because  Scoular  and  Rankin  (195  3)  found  that  many  college 
women  consume  no  beverage  milk  or  an  average  of  less  than  one  glass  a 
day.  This  former  study,  which  involved  the  analysis  of  thiamine  of  milk 
during  this  same  season  of  the  year,  gave  0.06  mg  of  thiamine  per  8  ounce 
glass.  Consequently,  the  type  of  beverage  selected  with  the  composites 
analyzed  in  the  present  study  was  not  included  in  the  composites.  For  those 
who  drink  little  milk  there  will  be  a  negligible  increase  over  the  averages 
given  above.  Those  who  consume  a  quart  of  milk  a  day  may  conceivably 
bring  their  thiamine  intakes  nearer  the  National  Research  Council’s  Recom¬ 
mended  Daily  Allowance  of  1,5  mg  (1948).  The  majority  of  the  food 
composite  combinations  reported  do  not  meet  this  recommended  daily  al¬ 
lowance,  but  they  do  exceed  the  0,63  minimum  which  Daum  et  al  (1949) 
state  is  the  daily  minimum  for  this  age  group  of  college  students.  The  low 
thiamine  intakes  of  the  present  study  include  the  breakfast  meal  and  also 
represent  foods  freely  chosen  from  those  available  on  the  cafeteria  counter. 
However,  these  totals  are  higher  than  some  of  the  daily  diets  analyzed  for 
the  same  age  group  living  in  the  home  management  house.  In  the  latter 
case,  the  foods  prepared  and  served  were  planned  by  the  group  for  the  group 
and  offered  no  choice  at  the  meal  time.  Undoubtedly  the  opportunity  to 
choose  from  a  variety  of  foods  each  day  accounts  for  the  high  thiamine 
content  of  some  of  the  cafeteria  meals  as  compared  with  the  fixed  menu 
served  the  group. 

The  totals  for  each  day  include  one  of  the  breakfasts  available  daily. 
Many  women  of  college  age  do  not  eat  breakfast,  and  in  that  case  the  total 
thiamine  values  would  be  even  lower  since  the  breakfasts  (see  Table  IV) 
contribute  from  21  to  31%  of  the  total  daily  thiamine  in  the  54  meal 
composite  combinations.  According  to  Daum  et  al  (1950),  the  omission 


TABLE  IV 


THIAMINE  CONTRIBUTION  OF  THE  BREAKFAST  MEAL  TO  THE  TOTAL 
DAILY  THIAMINE  INTAKE  USING  MEAT  (a)  AND  MEAT  (b) 


Morning 

Total  Composite  Foods 

Av.  Meat  ( a ) 

Breakfast 

Contribution 

Av.  Meat  ( b ) 

Breakfast 

Contribution 

mg 

% 

mg 

% 

Day  I 

(1)  0.27 

1.14 

24 

1.04 

26 

(2)  0.24 

1.09 

22 

1.01 

24 

(3)  0.16 

1.01 

16 

0.93 

17 

Average 

1.08 

21 

0.99 

22 

Day  II 

(1)  0.27 

0.78 

35 

0.76 

36 

(2)  0.24 

0.75 

32 

0.73 

33 

(3)  0.16 

0.67 

24 

0.65 

25 

Average 

0.73 

30 

0.71 

31 

Day  III 

(1)  0.27 

0.73 

37 

0.78 

35 

(2)  0.24 

0.75 

32 

0.75 

32 

(3)  0.16 

0.67 

24 

0.67 

24 

Average 

0.72 

31 

0.72 

31 
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of  breakfast  adversely  affects  the  morning  performance  of  both  men  and 
women.  It  may  also  be  said  that  the  omission  of  breakfast  will  seriously 
affect  the  total  thiamine  intake  of  these  students.  There  is  no  way  in  which 
this  deficiency  could  be  made  up  with  the  foods  available  at  the  noon  or 
night  meals  reported  in  this  study. 


SUMMARY 

The  daily  thiamine  content  of  54  meal  combinations  averaged  from 
0.73  to  1.08  and  from  0.73  to  0.99  mg  of  thiamine,  with  meat  (a)  and 
with  meat  (b),  respectively.  The  total  daily  intake  of  thiamine  was  as  low 
as  0.5  8  and  as  high  as  1.21  mg. 

The  individual  composite  meals  varied  greatly  in  their  thiamine  con¬ 
tent;  the  higher  values  being  associated  with  the  inclusion  of  dried  peas 
or  beans  in  the  meal. 

The  breakfast  meals  contributed  from  21  to  3 1  %  of  the  daily  thia¬ 
mine  of  these  diets. 
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THE  ECONOMIC  SYSTEM  OF  THE  COAHUILTECAN  INDIANS  OF 
SOUTHERN  TEXAS  AND  NORTHEASTERN  MEXICO 


FREDERICK  RUECKING,  JR. 

The  University  of  Texas 

INTRODUCTION 

The  name  Coahuiltecan  is  derived  from  the  state  of  Coahuila,  Mexico, 
and  refers  to  the  language  spoken  by  a  large  number  of  Indian  bands  in 
southern  Texas  and  northeastern  Mexico  during  the  time  of  the  Spanish 
colonial  period.  These  bands  occupied  a  large  area,  extending  from  the 
southern  limits  of  Tamaulipas,  Nuevo  Leon,  and  Coahuila  in  Mexico  to 
the  Guadalupe  River  in  Texas  (Fig.  1).  This  area  could  be  expanded  to 
include  the  territory  of  the  Cuachichil,  Karankawa  and  Tonkawa  who  oc¬ 
cupied  large  areas  in  San  Luis  Potosi,  Mexico,  Coastal  Texas,  and  East  Texas, 
respectively.  Apparently  a  cultural  and  linguistic  similarity  exists  between 
these  groups  and  the  Coahuitecans  ( Jimenez-Moreno,  n.d. ;  and  Swanton, 
1940). 

Some  of  these  people  were  littoral,  but  the  majority  lived  in  the  moun¬ 
tains  and  plateaus  of  northeastern  Mexico  and  in  the  semi-arid  region  of 
southern  Texas.  Most  of  the  Indian  villages  were  located  along  rivers  and 
creeks,  even  though  these  people  were  semi-nomadic  and  had  a  wide  range. 
The  Coahuiltecan  culture  was  based  upon  a  subsistence  economy,  and  the 
influence  of  this  pattern  upon  the  culture  can  be  demonstrated  by  an  analy¬ 
sis  of  the  economic  system. 

Since  the  Coahuiltecans  have  lost  their  ethnic  identity,  the  data  for  this 
study  have  been  derived  from  historic  documents.  The  bulk  of  the  available 
ethnographic  material  is  found  in  two  primary  sources,  Santa  Maria’s 
Relackm  Hhtorica  and  Leon’s  Kelacion  y  Disconrsos.  Of  these  two  sources 
the  Leon  account  is  the  earlier,  bearing  the  date  1649.  The  extensive  ethno¬ 
graphic  data  furnished  by  Leon  pertain  to  the  Indian  bands  of  Nuevo  Leon 
almost  exclusively,  but  a  small  amount  of  material  is  included  on  bands  of 
other  areas.  Santa  Maria  concerned  himself  primarily  with  the  bands  of 
Tamaulipas  during  the  eigteenth  century.  His  account  is  as  extensive  as  that 
of  Leon,  but  unfortunately  the  two  accounts  are  not  always  comparable  on 
specific  details.  Additional  details  on  the  culture  of  the  Coahuiltecan  peoples 
have  been  obtained  from  other,  less  important  primary  sources  and  several 
secondary  sources. 

A  key  to  the  sources  cited  is  given  in  the  following  table: 


Be 

Beals,  1932. 

L 

Leon,  1905. 

B1 

Blair,  195  0. 

Me 

McNeish,  1947. 

Bg 

Bogusch,  195  2. 

Op 

Opler,  193  8. 

Bo 

Bosque,  1916, 

Po 

Portillo,  1888, 

Ca 

Castaneda,  193  6, 

Pr 

Prieto,  1873. 

Co 

Cossio,  1925. 

SM 

Santa  Maria,  1929. 

Ha 

Hallenbeck,  1940. 

St 

Steck,  1933. 
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THE  NATURAL  ENVIRONMENT 

Topographically  the  Coahuiltecan  area  is  highly  diversified.  Low  flat 
plains  are  found  along  the  coast  of  Mexico  and  Texas.  Inland  in  Mexico 
these  plains  give  way  to  large  mountain  chains,  interspersed  with  plateaus. 
The  western  portion  of  the  Coahuiltecan  area  in  Texas  consists  of  rolling 
hills  which  extend  into  Mexico.  A  few  high  elevations  are  found  in  this 
area,  but  they  cannot  be  termed  mountains. 

Within  the  Coahuiltecan  area  are  three  minor  climatic  subdivisions.  As 
a  whole  the  area  is  semi-arid.  Along  the  coast,  mild  temperatures  prevail 
during  the  winter,  with  frequent  rains  and  high  humidity.  During  the  long 
summer  period,  temperatures  are  high  with  occasional  rains  and  high  hu¬ 
midity.  The  western  portion  of  the  Coahuiltecan  area  is  in  direct  contrast 
to  the  coastal  strip.  The  winters  are  characterized  by  low  temperatures, 
while  the  summers  are  hot.  Low  humidity  and  light  precipitation  prevail 
throughout  the  year  Between  these  two  subdivisions  is  a  zone  of  transition. 
The  winter  months  are  colder  than  those  of  the  coastal  area,  but  the  hu¬ 
midity  is  lower.  The  summers  are  as  hot  as  those  of  the  western  portion  of 
the  region,  but  the  humidity  is  higher. 

The  Coahuiltecan  area  is  characterized  by  great  variety  in  fauna  and 
flora.  The  higher  elevations  frequently  have  a  distinctive  vegetation.  To 
enumerate  the  many  plants  and  animals  of  this  vast  region  is  beyond  the 
scope  of  this  paper,  and  only  a  few  of  the  most  typical  will  be  mentioned. 

In  the  Coahuitecan  area  are  such  trees  and  shrubs  as  the  mesquite 
{Prosopis  piliflora),  retama  {Parkinsonia  actileata)  ^  granjeno  {Celtis  pall¬ 
ida),  cenizo  {Leticophyllum  texamim) ,  catclaw  {Acacia  greggii) ,  Texas 
ebony  (Siderocarpus  flexicaulis) ,  and  the  pecan  {Hicoria  pecan).  In  addi¬ 
tion  to  these  plants  are  many  varieties  of  cacti,  including  the  prickly  pear 
{Opuntia),  peyote  {Lophophora  williamsii)  maguey  {Agave  americana) , 
lechuguilla  {Agave  lechuguilla) ,  and  the  sotol  {Dasylirion  texanum).  Many 
seed-producing  reeds  and  grasses  are  found  in  this  region. 

Apparently  the  animals  of  this  region  have  been  present  for  a  consid¬ 
erable  length  of  time.  The  most  important  of  the  game  animals  are  the  deer 
{Odocoileus) ,  coyote  {Canis  latrans) ,  jackrabbit  {Lepus  texanus) ,  and  the 
javelina  or  peccary  {T ayassu) .  Numerous  species  of  snakes  and  birds,  not¬ 
ably  the  rattlesnake  {Crotalus  atrox)  and  turkey  {Meleagris  gallopavo) ,  are 
found  in  the  region.  Migratory  water  fowl  are  annual  residents  of  the  re¬ 
gion,  usually  arriving  during  the  winter  months. 

During  the  late  sixteen  hundreds,  buffalo  {Bison  bison)  were  found  in 
the  Coahuiltecan  region  not  far  from  the  site  of  present-day  Eagle  Pass, 
Texas  (Bo).  The  Coahuiltecan  area,  now  heavily  covered  with  mesquite, 
was  apparently  primarily  grassy  in  the  past,  which  may  have  been  partially 
responsible  for  the  presence  of  buffalo  so  far  south  of  their  normal  habitat 
of  the  nineteenth  century.  The  spread  of  mesquite  is  now  considered  to  have 
taken  place  during  the  historic  period  (Bg). 

To  the  Coahuiltecans  the  most  important  deposits  of  the  region  were 
those  formations  containing  workable  stone.  Flint,  sandstone,  and  limestone 
were  the  usual  materials  employed,  and  an  abundant  supply  of  these  ma¬ 
terials  is  found  in  the  region.  In  some  cases,  especially  along  the  Rio  Grande, 
they  did  not  have  to  mine  their  lithic  material,  since  a  great  quantity  lay 
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on  the  surface  ready  for  utilization.  The  gravels  of  the  Rio  Grande  area 
provided  the  Indians  of  that  area  with  an  abundant  supply  of  workable 
stone,  and  archeological  material  from  this  area  shows  this  use  conclusively. 

MATERIAL  CULTURE 

The  most  important  weapon  of  these  people  was  the  bow  and  arrow. 
Among  the  bands  of  Nuevo  Leon  the  bow  was  made  from  the  root  of  the 
mesquite  tree  whenever  possible  (L).  The  cord  for  this  bow  was  quite  thick 
and  was  made  from  fibers  of  the  lechuguilla  (L).  Arrows  were  made  of 
cane  and  were  about  eighteen  to  twenty  inches  in  length  (L).  A  foreshaft 
was  driven  in  the  shaft  and  tied  with  sinew  (L).  A  projectile  point  was 
set  in  the  end  of  the  foreshaft  and  also  tied  with  deer  sinew  (L).  This  point 
was  described  as  being  large,  barbed,  and  generally  made  from  stone,  although 
iron  was  used  whenever  it  was  available  (L).  Occasionally  the  point  was 
affixed  to  the  foreshaft  with  sautle,  a  glue,  without  being  tied,  and  was 
easily  removed  (L).  Feathers  were  attached  to  the  shaft  by  the  same  gluing 
process,  but  occasionally  the  feathers  were  tied  to  the  shaft  (L).  The 
Coahuiltecans  wrapped  the  deer  sinew  in  such  a  manner  as  to  conceal  both 
ends  of  the  sinew,  but  they  did  not  make  a  knot  (L) . 

A  curved  stick,  now  widely  known  as  the  rabbit-stick,  was  described 
as  being  shaped  like  a  Japanese  cutlass  (L).  Among  the  bands  of  Nuevo 
Leon  this  implement  was  used  for  a  variety  of  purposes.  It  was  used  as  a 
fending  weapon,  grubbing  tool,  headguard,  pillow,  and  club  (L).  The 
composition  of  this  implement  is  not  given,  but  it  was  probably  made  of 
wood. 

The  bands  of  Nuevo  Leon  used  a  wooden  mortar  to  grind  seeds  and 
other  foods  (L).  Details  concerning  its  size,  shape,  and  method  of  construc¬ 
tion  are  not  given.  Stone  knives  and  other  stone  tools  were  used.  A  piece 
of  flint,  said  to  be  two  fingers  long,  was  glued  to  a  stick  and  used  as  a 
knife  (L).  In  Nuevo  Leon  the  fire-making  apparatus  was  quite  simple  and 
uncomplicated;  two  dry  sticks  were  rubbed  together  to  kindle  a  fire  (Co). 
The  exact  method  is  not  described,  but  the  hand  drill  technique  was  prob¬ 
ably  used. 

Other  objects  of  Coahuitecan  technology  are  mentioned,  but,  too  fre¬ 
quently,  detailed  information  is  missing.  In  Tamaulipas  and  in  Nuevo  Leon 
the  Coahuiltecans  stored  water  and  flour  in  gourds  (L,  SM).  The  bands 
of  Nuevo  Leon  used  baskets,  which  are  described  as  being  similar  to  sacks 
(L).  The  baskets  were  used  to  store  flour  made  from  mesquite  beans.  Prick¬ 
ly  pear  internodes  were  hollowed  out  and  used  for  storing  water  and  mes¬ 
quite  flour  (L).  The  kakaxfle,  a  cargo  carrier,  is  listed  as  an  item  of  Coa- 
huiltecan  material  culture  (L).  The  carrier  was  composed  of  a  net  (bag?) 
attached  to  two  arcs  of  wood  about  one-half  inch  in  diameter  (L).  A  tump 
line  around  the  forehead  supported  the  load,  but  the  weight  of  the  load 
apparently  rested  on  the  back  and  shoulders  (L).  The  net  portion  of  the 
carrier  may  have  been  made  from  the  same  material  as  the  basketry,  but 
with  a  more  open  weave.  Although  the  cargo  carrier  is  specifically  men¬ 
tioned  as  a  trait  of  the  Coahuiltecan  bands  of  Nuevo  Leon,  it  was  probably 
more  widespread  in  the  Coahuiltecan  area  than  this  one  reference  would 
Indicate.  Similar  items  have  been  found  archeologically  in  caves  in  the  Big 
Bend  region. 
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Fish  nets,  presumably  similar  to  large  seines,  were  used  by  Coahuiltecan 
fishermen  (L).  The  use  of  the  word  pet  ate  in  one  source  implies  the  presence 
of  some  form  of  woven  mat,  but  the  material  and  method  of  construction 
are  not  given  (L).  The  presence  of  pottery  is  indicated;  this  pottery,  how¬ 
ever,  may  have  been  obtained  through  trade  with  tribes  south  of  the  Coa¬ 
huiltecan  area. 
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Scattered  references  suggest  some  of  the  manufacturing  techniques 
employed  by  the  Coahuiltecans.  Stone  tools  were  manufactured  by  per¬ 
cussion  and  pressure  flaking,  and  archeological  evidence  from  the  Rio 
Grande  Valley  area  supports  this  statement.  The  methods  used  to  manu¬ 
facture  wooden  implements  are  not  given,  but  stone  tools  were  probably 
involved.  Lechuguilla  fibers  were  twisted  together  to  form  a  single  cord 
which  was  used  for  the  bowstring  (L).  The  cargo  carrier  net  and  fish  net 
strands  may  have  been  manufactured  by  a  similar  technique.  Gourds  for 
containers  were  dried  after  the  removal  of  seeds  and  loose  pulp  (Pr). 

Among  the  bands  of  Nuevo  Leon,  mountain  villages  were  located  on 
level  areas,  while  the  villages  on  the  plains  below  were  located  near  streams. 
These  villages  were  not  permanent,  but  were  moved  from  place  to  place 
every  few  days  (L).  The  dwellings  were  probably  left  standing  in  order 
that  they  might  be  used  when  the  band  passed  through  the  area  again.  The 
villages  contained  one  or  more  lineages,  and  it  is  stated  that  there  were 

usually  fifteen  houses  in  the  average  village  (L).  These  houses  were  ar¬ 

ranged  in  rows  or  in  the  shape  of  a  half  moon,  and  an  extra  house  was 
added  at  each  end  of  the  village  during  times  of  war  as  a  means  of  "forti¬ 
fying”  the  village  (L).  Refuse  was  deposited  outside  the  hut,  but  presum¬ 

ably  not  in  a  single  village  refuse  heap  (L).  In  order  to  avoid  being  be¬ 
witched,  the  Coahuiltecans  were  extremely  careful  about  the  disposal  of 
food  refuse  (L). 

The  Coahuiltecan  houses  were  made  of  reeds  or  grass  laid  over  a  frame¬ 
work  of  easily  bent  stalks  or  canes  (L).  The  final  shape  of  the  hut  was 
said  to  be  like  a  little  bell,  which  indicates  that  the  floor  plan  was  round 
(L).  The  door  was  very  low,  necessitating  a  crouched  attitude  when  enter¬ 
ing  (L).  As  smoke  from  the  central  fire  is  described  as  filling  the  upper 
part  of  the  house,  the  roof  probably  had  nO'  smokehole  (L).  The  central 
fire  was  large  enough  to  keep  the  house  warm  during  the  winter,  but  small 
enough  so  that  the  house  was  not  overheated  during  the  summer  (L).  The 
fire  was  said  to  have  been  present  more  through  custom  than  for  any  other 
reason  (L)  ;  the  main  function  of  the  fire,  however,  was  probably  to  light 
the  interior  of  the  house.  This  fire  may  not  have  been  used  for  cooking, 
but  the  presence  of  an  outside  cooking  fire  is  not  mentioned.  Whether  or 
not  the  central  fire  had  ceremonial  or  religious  significance  is  not  known. 

The  simplest  clothing  was  sufficient  for  the  needs  of  the  Coahuiltecans. 
The  basic  garment,  which  resembled  an  elongated  apron,  covered  the  front 
and  back  of  the  pelvic  region  (L).  This  description  is  nearly  all  that  is 
given  for  this  garment,  but  careful  examination  of  the  data  permits  some 
clarification.  The  bands  of  Nuevo'  Leon  placed  herbs  around  the  genitals, 
and  the  previously  described  garment  was  placed  over  the  herbs,  presumably 
to  hold  them  in  place.  This  statement  indicates  that  the  garment  passed  be¬ 
tween  the  legs  and  was  held  in  place  by  some  unspecified  means,  presum¬ 
ably  a  belt,  and  that  the  ends  were  allowed  to  hang  free.  The  lower  edge 
of  the  garment  reached  a  point  about  three  inches  below  the  knee  (L).  It 
was  highly  decorated  with  animal  teeth,  small  dried  fruits,  or  any  material 
which  would  make  a  slight  noise  when  they  walked  (L).  This  garment  was 
evidently  a  minor  variation  of  the  widely  used  North  American  loin  cloth. 

In  addition,  the  men  of  the  bands  of  Nuevo  Leon  wore  a  coyote  hide 
on  the  left  arm  as  a  bow  guard  (L).  Presumably  this  extended  from  the 
shoulder  or  elbow  to  the  wrist,  and  it  was  tied  to  the  arm  several  times 
so  that  it  would  not  slip.  An  extensively  decorated,  small,  cloaklike  gar- 
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ment  was  made  from  several  coyote  hides  (L).  It  was  occasionally  worn 
around  the  waist,  partially  covering  the  hips  and  thighs  (L).  Rabbit  skins 
were  cut  and  twisted  into  threads  by  the  bands  of  Nuevo  Leon  to  make  a 
large  cloak,  more  widely  known  as  the  rabbit-skin  blanket  (L).  A  pair  of 
sandals  completed  the  Coahuiltecan  wardrobe.  These  sandals  were  attached 
to  the  feet  by  means  of  leather  thongs  called  kakles  (L).  The  material  used 
in  making  these  sandals  is  not  specified,  but  they  may  have  been  made  from 
the  fibers  of  the  lechuguilla  plant. 

SUBSISTENCE 

The  Coahuiltecans  were  semi-nomadic,  ranging  through  a  territory 
they  regarded  as  their  own:  tresspassers  were  summarily  punished  (L). 
Camps  were  moved  every  few  days,  after  the  surrounding  country  had  been 
sufficiently  exploited.  Probably  one  particular  area  was  never  completely 
exploited,  and  sufficient  food  was  left  for  future  use. 

All  sources  agree  that  the  Coahuiltecans  were  expert  marksmen  with 
the  bow  and  arrow.  Rarely  did  a  man  leave  the  village  to  hunt  and  return 
without  reporting  success  (L).  The  hunter  normally  used  game  calls  and 
traps  when  hunting  alone  (SM).  The  deer  trap  used  by  the  Tamaulipan 
bands  consisted  of  a  barrier  erected  across  a  game  trail  with  a  sharpened 
stake  set  up  behind  the  barrier.  When  a  deer  leaped  the  barrier,  it  was  im¬ 
paled  on  the  stake.  A  pitfall  was  used  for  the  javelina.  The  trap  was  two 
varas  (66  2/3  inches)  wide  and  three  varas  deep,  and  was  concealed  by  a 
covering  of  leaves  and  twigs  to  blend  with  the  surrounding  area  (SM),  The 
pit  was  so  constructed  that  the  animal  could  not  move  freely  about  after 
falling  into  the  trap  (SM) . 

The  use  of  traps  and  pitfalls  is  specifically  given  for  the  bands  of 
Tamaulipas.  Since  the  subsistence  pattern  and  technology  of  the  Coahuiltecan 
bands  of  other  areas  are  comparable  to  those  of  the  Tamaulipas,  it  is  as¬ 
sumed  that  traps  were  used  throughout  the  Coahuiltecan  area. 

Communal  hunting  was  employed  when  a  great  number  of  animals 
were  required.  These  communal  hunts  seem  to  have  been  correlated  with  an 
inter-band  mitote  and  with  warfare.  In  one  method  the  hunters  formed  a 
circle  around  the  game  area  and  moved  forward  slowly,  driving  the  game 
toward  the  center  of  the  circle.  When  the  hunters  were  within  bow  range, 
they  began  to  shoot  (SM).  A  second  method  involved  the  use  of  fire.  Some 
of  the  hunters  formed  a  line  in  front  of  the  game  area,  while  others  went 
around  behind  the  area  to  kindle  a  series  of  fires  (SM).  Fleeing  from  the 
flames,  the  animals  passed  near  the  hunters,  who  shot  them  at  will  (SM). 

Among  the  bands  of  Tamaulipas,  and  also  among  some  of  the  Lagunero 
bands,  aquatic  birds  were  hunted  by  a  method  common  among  the  tribes 
of  Central  Mexico  (Be).  A  number  of  gourds  were  thrown  into  the  water 
near  the  birds.  After  the  birds  became  accustomed  to  the  strange  objects, 
the  hunter  slipped  over  his  head  a  gourd  provided  with  eye  holes  and  swam 
into  the  water  near  the  birds.  When  the  hunter  selected  his  quarry,  he 
grasped  the  feet  of  the  bird  and  pulled  it  beneath  the  surface.  The  feet 
were  tied  together,  and  then  the  bird  was  lashed  to  the  hunter’s  waist,  pre¬ 
sumably  to  his  belt  (SM) , 

When  buffalo  were  in  the  Coahuiltecan  area,  hunters  traveled  some 
distance  to  hunt  them.  Many  smaller  animals  were  hunted,  including  rats, 
dormice,  snakes,  and  rabbits,  but  only  the  frog  and  lizard  were  specifically 
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excluded  from  the  Coahuiltecan  diet  (L).  Among  certain  unspecified 
Tamaulipan  bands,  other  animals  were  also  excluded  from  the  diet,  such  as 
the  turkey,  dove,  and  deer,  because  of  the  belief  system  (SM). 

The  Coahuiltecans  were  adept  fishermen.  During  daylight  hours  several 
men  held  a  net  and  waded  into  the  water,  presumably  using  a  seining  mo¬ 
tion.  At  night  fish  were  dazzled  with  light  and  shot  with  the  bow  and 
arrow  (L).  No  indication  of  the  amount  of  fish  taken  by  either  method  is 
given;  however,  since  the  Coahuiltecans  were  good  marksmen,  they  were 
probably  able  to  secure  a  sufficient  supply  of  fish  to  meet  their  needs. 

Fishing  as  a  part  of  the  Coahuiltecan  subsistence  pattern  is  mentioned 
only  for  the  bands  of  Nuevo  Leon,  but  probably  most  of  the  Coahuiltecans 
supplemented  their  basic  diet  with  fish.  Fish  shooting  was  a  trait  common 
to  many  tribes  of  northern  Mexico,  the  Southwest,  and  Texas  (Be). 

Wild  fruits  and  seeds  were  gathered  in  abundance  when  they  were  in 
season.  The  prickly  pear  "tuna’h  mesquite  beans,  and  buds  of  the  walnut 
tree  were  used  to  supplement  Agave,  the  basic  staple.  Areal  differences  in 
vegetation  probably  had  a  considerable  effect  on  the  diet.  Pecan  nuts  were 
used  when  they  were  available.  The  gathering  of  salt  from  local  deposits 
was  a  component  part  of  the  gathering  activities  of  the  Coahuiltecans 
(Co).  Medicinal  herbs  and  peyote  were  gathered  when  needed  (Pr,  L). 

Although  farming  has  been  given  as  a  cultural  trait  of  the  Tamaulipan 
area,  it  was  probably  limited  to  certain  non-Coahuiltecan  groups  living  in 
the  southern  portion  of  that  state  (Be).  Farming  by  the  Coahuiltecans  oc¬ 
curred  only  after  they  had  been  missionized.  There  does  not  appear  to  be  a 
single  Spanish  source  which  can  be  cited  as  proof  that  agriculture  was 
present  among  the  Coahuiltecans  before  the  mission  period. 

Cabeza  de  Vaca  referred  to  corn  meal  in  the  Coahuiltecan  area,  and 
this  calls  for  an  explanation.  Shortly  after  crossing  the  Rio  Grande,  he  men¬ 
tioned  meeting  two  Indians  carrying  corn  meal  (Barcia,  1749,  p.  31).  The 
point  at  which  this  meeting  took  place  cannot  be  accurately  determined,  but 
he  was  well  within  the  confines  of  the  Coahuiltecan  area,  probably  in  Nuevo 
Leon  or  western  Tamaulipas.  Only  a  century  later  a  statement,  referring 
to  the  bands  of  this  area,  was  made  which  stated  that  agriculture  was  ab¬ 
sent  (L), 

To  postulate  that  an  important  subsistence  pattern  such  as  agriculture 
with  all  its  cultural  implications  could  have  been  discarded  in  one  century 
is  not  justifiable.  A  return  to  a  nomadic,  hunting  and  gathering  economy 
from  a  sedentary,  agricultural  economy  is  highly  unlikely.  Another  ex¬ 
planation  must  be  found  which  is  more  suitable. 

In  Cabeza  de  Vaca’s  account  are  several  contradictions,  and  this  refer¬ 
ence  to  corn  is  one  of  them.  Mesquite  flour  was  a  common  feature  of 
Coahuiltecan  culture,  and  in  attempting  to  describe  his  experiences,  Cabeza 
de  Vaca  possibly  erred  in  using  the  phrase,  "harina  de  maiz,’’  when  he  ac¬ 
tually  intended  to  refer  to  mesquite.  There  are  a  number  of  other  possi¬ 
bilities.  Quantities  of  corn  and  corn  meal  could  have  been  obtained  by  trade 
or  by  war,  although  war  booty  was  not  mentioned  as  an  integral  part  of 
the  warfare  pattern  in  subsequent  years.  Cabeza  de  Vaca  did  not  mention  the 
presence  of  corn  meal  in  the  next  village,  referring  only  to  "tunas.”  Agri¬ 
culture  cannot  be  said  to  have  been  present  on  the  basis  of  this  reference 
to  corn. 
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The  Aranama  were  reported  to  have  been  agricultural,  but  the  band 
seems  to  have  learned  agricultural  techniques  from  Father  Diaz  (Almonte, 
1925,  p.  194).  Swanton  gave  much  importance  to  the  Aranama  being  agri¬ 
cultural,  yet  failed  to  point  out  that  this  agriculture  was  in  post-Spanish 
times  (Swanton,  1943).  Mayhall  several  times  stated  that  the  Coahuiltecans 
were  agricultural,  but  failed  to  cite  a  source  for  her  statements.  It  is  clear 
that  the  Coahuiltecans  v/ere  not  agricultural  in  pre-Spanish  times,  and  that 
missionaries  brought  agricultural  techniques  to  the  Coahuiltecans  for  the 
first  time. 

As  previously  stated,  the  basic  staple  of  the  Coahuiltecans  was  the 
agave;  the  Coahuiltecan  bands  of  Coahuila,  however,  probably  used  the  sotol 
instead  of  agave.  The  fruit  of  the  prickly  pear  was  roasted  in  great  quanti¬ 
ties,  and  some  of  these  roasted  fruits  were  set  aside  for  future  use  (L).  Dur¬ 
ing  summer  months  the  mesquite  bean  became  an  important  food  resource. 
At  maturity  the  beans  were  picked  and  dried  out.  The  beans  were  ground 
into  a  flour  which  was  used  to  make  a  food  called  mesquitamal  (Aztec?). 
Small  seeds,  peppers,  and  occasionally  powdered  human  bone  were  added 
to  the  basic  flour  (L).  The  bands  of  Nuevo  Leon  were  said  to  have  manu¬ 
factured  a  salt  substitute  (L).  Whenever  these  people  did  not  have  any  salt 
on  hand,  a  species  of  herb,  described  as  being  similar  to  the  rosemary-leaved 
sun  rose  {Crocanthemtim) ,  was  burned  and  the  ashes  used  as  salt. 

The  bands  of  Nuevo  Leon  prepared  fish  in  two  ways  (L).  The  first 
method  consisted  of  drying  the  fish,  and  then  grinding  them  into  a  flour. 
This  food  was  said  not  to  have  been  substantial  (L).  The  second  method  was 
unique.  Immediately  after  being  caught,  the  fish  were  roasted  without  re¬ 
moving  the  viscera.  They  were  laid  aside  for  eight  days  during  which  time 
grubs,  possibly  the  larvae  of  some  insect,  began  to  attack  the  fish.  At  the 
end  of  the  eighth  day,  with  large  numbers  of  these  grubs  present,  the  fish 
were  eaten  (L).  The  grubs  were  probably  regarded  as  some  sort  of  delicacy. 

During  the  winter  months  mescale  was  made  from  the  leaves  of  the 
agave,  and  was  said  to  have  been  very  intoxicating  (St).  Occasionally  pow¬ 
dered  "mountain  laurel’  (So  phot  a  secundiflora)  beans  were  added  to  this 
beverage,  thereby  increasing  its  potency  through  the  addition  of  a  narcotic 
(St).  Probably  the  most  important  beverage  of  the  Coahuiltecans  was  made 
from  peyote.  Peyote  buttons  were  dried  out  and  ground  into  a  flour,  which 
was  then  mixed  with  water  (L),  This  beverage  was  one  of  the  important 
features  of  the  mitote,  and  during  these  ceremonies  powdered  human  bone 
was  occasionally  mixed  with  this  drink  (L) . 

Water  was  of  considerable  importance  to  the  Coahuiltecans,  and  tech¬ 
niques  were  developed  to  ensure  a  constant  supply.  On  long  journeys  pits 
were  dug  and  the  bottom  thoroughly  packed  down.  A  species  of  reed  or 
grass  was  placed  on  the  bottom  and  crushed  until  the  sap  began  to  flow  out 
and  collect  on  the  bottom  of  the  pit.  This  juice  was  used  as  a  water  sub¬ 
stitute  and  was  said  to  have  been  quite  refreshing  (L).  When  a  village  was 
located  some  distance  from  water,  the  cargo  carrier  was  used  to  carry  twelve 
to  fourteen  gourds  or  hollowed  prickly  pear  internodes,  each  full  of  water, 
back  to  the  village  (L).  When  a  village  was  established  near  a  stream,  the 
thirsty  individual  went  to  the  stream  and  drank,  using  his  hands  as  a  cup 
(L).  Among  the  bands  of  Tamaulipas  and  Nuevo  Leon,  the  skull  of  a  slain 
enemy  was  frequently  retained  for  use  as  a  drinking  cup  (SM,  L). 
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CANNIBALISM 

Allusion  to  the  presence  of  cannibalism  has  been  made  previously.  Both 
endocannibalism  and  exocannibalism  were  practiced  by  the  Coahuiitecan 
peoples.  Endocannibalism  probably  occurred  during  times  of  peace,  and  was 
said  to  occur  so  that  others  might  be  related  to  the  deceased  through  mar¬ 
riage  (L).  The  method  used  to  select  the  "honoree”  is  not  known.  The 
flesh  of  this  individual  was  roasted  and  the  bones  were  ground  up  and  mixed 
with  peyote  or  mesquitamd  (L).  The  same  division  along  sex  lines  found  in 
South  America  was  present  among  the  Coahuiltecans.  Women  ate  the  roasted 
flesh,  but  the  men  did  not;  both,  however,  were  allowed  to  partake  of  peyote 
or  mesqiiitamal  which  contained  the  powdered  bones  of  the  individual  (L). 
Possibly  the  basic  reason  for  endocannibalism  among  the  Coahuiltecans  was 
the  belief  that  some  vital  force  was  thereby  absorbed  (Be) . 

The  sexual  limitation  on  the  eating  of  flesh  by  men  was  not  applied 
to  cases  of  exocannibalism.  At  these  events  the  men  ate  roasted  flesh  along 
with  women.  Exocannibalism  was  rationalized  in  the  following  way:  the 
body  of  an  enemy  was  eaten  for  vengeance  and  to  ensure  success  in  future 
combats  with  the  enemy  (L).  The  cranium  was  frequently  retained  for 
use  as  a  food  utensil,  drinking  cup,  and  occasionally  a  musical  instrument 
(L). 

SEXUAL  DIVISION  OF  LABOR 

The  sexual  division  of  labor  in  Coahuiitecan  society  may  be  recon¬ 
structed  from  fragmentary  references  found  in  the  various  sources.  The 
men  did  all  the  hunting,  defended  the  village,  attacked  enemies,  fished  with 
nets  and  with  the  bow  and  arrow,  and  made  fires.  Probably  the  men  manu¬ 
factured  their  own  bows  and  arrows  and  most  of  the  other  implements,  in¬ 
cluding  fish  nets.  In  times  of  peace  the  men  were  responsible  for  trade,  but 
in  wartime  this  was  done  by  the  women.  The  men  apparently  were  respon¬ 
sible  for  collecting  peyote,  and  presumably  also  for  the  manufacture  of  vari¬ 
ous  beverages. 

The  remainder  of  the  village  duties  were  probably  relegated  to  the 
women.  The  preparation  of  hides,  cooking,  gathering  of  fruits,  seeds,  and 
nuts,  and  the  weaving  of  basketry  were  a  part  of  a  woman’s 'tasks.  The 
making  of  the  rabbitskin  blanket  may  have  been  women’s  work.  Women  car¬ 
ried  water,  brought  the  hunter’s  kills  into  camp,  and  they  became  the  supply 
force  for  the  men  when  they  were  engaged  in  a  war  with  a  distant  band. 
If  necessary,  the  women  might  take  up  arms  and  go  into  battle  alongside 
the  men.  The  women  were  granted  the  right  to  fish  with  the  bow  and 
arrow,  but  were  apparently  excluded  from  using  fish  nets. 

TRANSPORTATION 

Although  there  are  some  indications  that  the  horse  was  used  for  trans¬ 
portation  by  the  Coahuiltecans,  its  use  was  sporadic  and  almost  exclusively 
confined  to  the  westernmost  Coahuiitecan  bands.  Most  of  the  Coahuiitecan 
bands  used  the  horse  as  a  source  of  food,  but  even  this  usage  was  limited. 
Standard  locomotion  was  on  foot.  The  Spanish  accounts  frequently  contain 
remarks  alluding  to  the  running  speed  of  the  Indians  and  to  their  sheer 
physical  stamina;  a  trip  of  thirty  to  forty  miles  was  but  a  day’s  journey. 

Only  one  reference  has  been  found  which  suggests  that  water  travel 
may  have  occured  among  the  Coahuiitecan  bands.  Castaneda  reported  that 
in  H20  Diego  de  Camargo  was  chased  back  to  his  ship  by  hundreds  of  In- 
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dians  in  canoes  (dugouts).  Castaneda  felt  that  Camargo  was  on  the  Rio 
Grande,  but  this  location  may  be  erroneous.  It  is  more  likely  that  Camargo 
was  on  the  Rio  Soto  la  Marina,  and  the  Indians  of  whom  Castaneda  speaks 
would  be  Huastecan. 

In  transporting  items  for  trade,  the  cargo  carrier  was  probably  used. 
Since  large  quantities  of  certain  war  materiel  were  necessary,  the  use  of  the 
cargo  carrier  by  the  women  during  wartime  seems  a  justifiable  hypothesis. 
Use  of  the  cargo  carrier  by  men  may  have  been  limited,  judging  from  Leon’s 
remark  about  berdaches.  He  said  that  they  carried  their  without 

being  bothered  or  ridiculed  (L) , 

ECONOMIC  CYCLE 

As  their  villages  were  moved  every  few  days,  the  Coahuiltecans  did 
not  have  sufficient  time  to  completely  exploit  the  local  area.  Some  minor 
indications  in  the  literature  suggest  that  they  made  a  conscious  effort  to 
conserve  the  food  supply  whenever  practicable.  A  cyclic  movement,  alluded 
to  in  the  various  sources,  seems  to  be  supported  archeologically,  since  there 
are  a  great  number  of  sites  in  the  area.  This  cycle  may  have  been  seasonal 
and  was  probably  correlated  with  the  ripening  of  various  fruits.  Cabeza  de 
Vaca  noted  that  the  Avavare  moved  into  the  tuna  area  because  the  tunas 
were  ripening  (Barcia,  1723,  p.  13). 

A  cyclic  diet  would  accrue  from  a  cyclic  movement.  The  white-winded 
dove  is  seasonal  in  appearance,  as  are  ducks  and  geese.  Bison  would  be  found, 
during  the  winter  and  early  spring,  somewhat  south  of  their  normal  summer 
range.  The  seasonal  appearance  of  game  would  have  had  an  important  effect 
on  the  diet.  If  the  maturation  times  of  various  wild  plants  are  considered, 
a  cyclic  diet  is  again  indicated.  Tunas,  mesquite  beans,  and  various  seeds 
could  be  found  in  the  late  spring  and  early  summer.  Pecans  and  other  nuts 
would  become  available  during  the  fall. 

The  fact  that  the  Coahuiltecans  were  said  to  fish  when  the  food  supply 
was  at  its  lowest  point  is  an  important  indication  of  a  diet  cycle  (L).  Dur¬ 
ing  the  winter  months  the  Coahuiltecans  used  the  roots  of  some  of  the 
plants  whose  fruits  had  been  used  the  preceding  summer  (L).  A  telling 
point  is  the  specific  statement  that  the  Coahuiltecans  were  fat  during  the 
sunnner  and  gaunt  during  the  winter  (L). 

THE  CONCEPT  OF  PROPERTY 

Coahuiltecan  concepts  of  property  were  probably  formalized,  but  ow¬ 
ing  to  the  lack  of  adequate  data,  a  distorted,  incomplete  picture  is  obtained. 
Analysis  of  the  available  data  makes  a  reconstruction  of  some  of  the  prop¬ 
erty  concepts  possible,  and  these  concepts  are  considered  to  have  been  fun¬ 
damentally  similar  throughout  the  Coahuiltecan  area. 

Communal  property  was  apparently  an  important  concept  held  by 
the  Coahnuiltecans.  The  area  through  which  the  band  ranged  was  regarded 
as  their  own,  as  mentioned  previously.  This  statement  indicates  that  the 
band  territory  was  the  communal  property  of  the  band.  That  the  plants 
and  animals  of  this  area  were  considered  communal  property  is  supported 
to  some  extent  by  the  fact  that  a  hunter  distributed  the  meat  of  a  slain 
animal  communally  (L).  The  hunter  himself  was  not  allowed  to  partake 
of  the  meat  of  an  animal  he  had  slain  (L) . 
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The  hide  of  the  slain  animal  always  belonged  to  the  hunter  (L).  Thus, 
after  the  communal  concept  of  property  had  been  followed,  the  concept  of 
private  property  was  invoked.  Property  rights  were  apparently  held  only 
by  the  men.  This  idea  may  be  seen  in  the  behavior  of  men  who  divorced 
their  wives.  A  man  took  his  property  from  his  wife  and  threw  her  from 
the  house.  The  removal  of  the  woman’s  clothes  and  ornaments  was  probably 
a  symbolic  indication  that  the  husband  would  no  longer  provide  economic 
support  for  his  wife.  Presumably  private  property  included  such  items  as 
tools,  clothing,  housing,  ornaments,  and  the  results  of  food-gathering.  Prob¬ 
ably  private  ownership  was  extended  to  include  songs  and  shamanistic 
practices. 


inheritence 

An  analysis  of  the  Coahuiltecan  kinship  system  indicates  that  the  Coa- 
huiltecans,  in  so  far  as  can  be  ascertained,  were  patrilineal.  Patrilocal  resi¬ 
dence  was  common  to  all  Coahuiltecan  bands  for  which  there  are  data,  and 
presumably  it  was  common  throughout  the  Coahuiltecan  area.  Since  men 
seem  to  have  been  the  sole  possessors  of  property,  the  Coahuiltecans  must 
have  reckoned  inheritance  through  the  male  line.  A  new  term  has  been 
devised  to  express  this  concept,  patrihery.  The  term  is  derived  from  the 
Latin  patri  (father)  and  heres  (heir). 

Inherited  property  probably  included  the  house  and  its  contents,  the 
rights  and  privileges  of  the  deceased,  and  all  the  deceased’s  belongings,  ex¬ 
cept  those  ceremonially  ^'killed”  by  interment  with  the  body.  The  only 
exception  to  this  generalization  was  apparently  the  rights  and  privileges 
enjoyed  by  a  chief.  Since  the  chieftainship  was  not  a  hereditary  office,  theo¬ 
retically  a  chief’s  son  might  never  become  chief. 

THE  EXCHANGE  SYSTEM 

Within  Coahuiltecan  society  the  exchange  of  gifts  took  place  frequent¬ 
ly,  and  gifts  varied  with  the  occasion.  When  a  man  married,  he  was  ex¬ 
pected  to  make  a  generous  gift  to  the  parents  of  the  girl.  Such  gifts  in¬ 
cluded  meat,  hides,  fruits,  weapons,  guns,  powder,  horses,  and  beads.  The 
last  four  items  were  apparently  used  as  trade  items  only  sporadically  by 
the  westernmost  Coahuiltecan  bands,  and  even  then  only  after  the  begin¬ 
ning  of  the  eighteenth  century.  Gifts  such  as  these  had  to  be  presented  to 
the  girl’s  parents  before  permission  to  marry  would  be  given. 

Great  destruction  of  property  or  goods  was  absent  in  Coahuiltecan 
social  life.  Apparently  some  items  were  destroyed  as  previously  mentioned, 
but  such  destruction  was  not  allowed  to  reach  the  extent  that  it  did  among 
some  groups  of  the  Northwest  Pacific  Coast.  The  head  of  a  deer,  deemed 
valuable  for  successful  hunting,  was  burned  with  some  arrows  one  year  after 
a  person’s  death. 

Of  all  the  varied  aspects  of  the  Coahuiltecan  economic  system,  trade 
is  the  least  known.  There  is  scarcely  a  statement  on  the  amount  of  trade 
between  bands  in  the  Spanish  accounts.  A  few  generalizations  have  been 
attempted  on  the  basis  of  the  few  statements  which  are  available. 

The  most  direct  indication  of  the  extent  and  amount  of  trade  comes 
from  the  account  of  Cabeza  de  Vaca.  For  several  years  Cabeza  de  Vaca 
acted  as  a  trader  between  some  of  the  Texas  Indians  (Barcia,  1749,  p.  13). 
While  it  is  true  that  this  trade  could  have  been  between  the  coastal  bands 
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and  non-Coahuiltecan  groups,  Cabeza  de  Vaca  does  refer  to  trade  between 
Coahuiltecan  bands.  He  described  the  exchange  of  certain  items,  such  as 
bones  and  bows,  between  the  Avavare  and  Mariame  (probably  the  Arana- 
ma).  Leon  suggested  that  peyote  was  traded  for,  presumably  on  an  inter¬ 
band  basis.  Trade  between  Coahuiltecans  seems  to  have  been  present,  but 
evidently  the  ferocity  with  which  these  bands  greeted  trespassers  placed  a 
definite  restraint  on  the  amount  of  trade.  Items  which  seem  to  have  been 
traded  included  peyote,  bows,  arrows,  wood,  shell,  flint,  and  apparently 
pottery. 

At  the  time  of  first  contact  with  the  Spaniards,  the  Coahuiltecans  were 
friendly,  and  a  lively  trade  seems  to  have  occurred.  After  the  settlement 
of  this  region,  the  amount  of  trade  between  the  Spaniards  and  Coahuiltecans 
seems  to  have  diminished  while  inter-band  trade  built  up  beyond  its  aborigi¬ 
nal  or  prehistoric  level.  A  number  of  the  alliances  and  friendships  of  some 
of  the  Coahuiltecan  bands  may  have  begun  at  this  time,  and  such  alliances 
may  have  had  an  economic  motivation. 

THE  ECONOMIC  IMPORTANCE  OF  GOVERNMENT  AND  RELIGION 

Apparently  no  economic  compensation  was  granted  to  an  individual 
for  his  services  as  chief.  The  position  of  chief  was  an  honorary  one  to  some 
extent,  and  he  was  selected  from  the  most  valiant  and  daring  of  the  war¬ 
riors  (SM).  The  chief  was  required  to  show  his  courage  and  bravery  in 
every  battle,  but  when  he  failed  to  show  the  requisite  fortitude,  any  other 
warrior  with  the  necessary  qualifications  could  challenge  him  to  a  duel 
(SM).  If  the  challenger  was  successful  in  the  duel,  he  could  assume  the 
position  of  chief  (SM). 

If  the  chief  was  slain  on  the  battlefield,  the  most  daring  and  skillful 
warrior  took  his  place,  but  the  manner  of  selection  is  not  known.  The  duties 
of  the  chief  revolved  around  the  warfare  activities  of  the  band,  and  he  was 
apparently  required  to  hunt  for  his  own  food.  The  individual  who  became 
chief  of  a  band-cluster  (a  group  of  bands  related  linguistically  and  cul¬ 
turally)  was  probably  rewarded  with  increased  prestige,  but  not  rewarded 
economically. 

No  elaborate  religious  pattern  was  present  in  Coahuiltecan  culture. 
Although  there  are  references  to  religious  beliefs,  there  is  no  mention  of 
native  priests,  temples,  or  altars  in  the  Spanish  documents.  The  religious 
pattern  centered  around  the  activities  of  shamans.  Whether  the  shaman  was 
a  full-time  or  part-time  specialist  is  not  definitely  known,  but  he  appar¬ 
ently  did  receive  some  sort  of  compensation  for  his  services.  Such  compen¬ 
sation  was  made  in  the  form  of  articles  normally  used  in  trade.  Apparently 
such  compensation  was  not  sufficient  to  sustain  the  shaman  and  his  family 
for  a  full  year,  and  probably  the  shaman  hunted  and  fished  as  did  the  other 
members  of  the  band. 

The  only  elaborate  ceremony  in  Coahuiltecan  culture  was  the  mitote, 
and  this  ceremony  was  significantly  associated  with  the  economic  system. 
This  celebration  was  held  to  commemorate  special  events  of  the  year.  Danc¬ 
ing  and  singing  which  characterized  the  mitote  lasted  from  sunset  to  the 
following  morning,  presumably  sunrise.  The  mitote  was  the  major  integra¬ 
tive  force  of  Coahuiltecan  culture. 
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ECONOMIC  SIGNIFICANCE  OF  THE  MITOTE 

A  niitote  called  for  considerable  economic  activity  on  the  part  of  the 
host.  As  mentioned  previously,  an  inter-band  mitote  was  apparently  associ¬ 
ated  with  communal  hunting.  Great  quantities  of  food  were  gathered  before¬ 
hand.  Animals  were  hunted;  fruits  and  seeds  were  gathered  in  preparation 
for  the  great  event.  Peyote,  an  important  feature  of  the  mitote  ceremony, 
was  collected  in  secret,  or  traded  for  in  case  of  an  insufficient  supply  in 
the  immediate  area.  This  commodity  was  traded  on  an  inter-band  basis. 

During  the  ceremony,  food,  drink,  and  peyote  were  provided  to  all  the 
guests.  At  the  end  of  the  celebration  on  the  following  morning,  the  host 
prepared  gifts  of  food  and  hides  for  each  guest  to  take  home  with  him. 

Several  facets  of  the  economic  system  can  be  seen  within  the  structure 
of  the  mitote.  Subsistence  patterns  were  basic  for  the  presentation  of  the 
ceremony.  The  host  had  to  provide  food  for  many  people,  and  occasionally 
as  many  as  500  people  attended  a  mitote.  This  high  figure  was  probably 
associated  with  an  inter-band  mitote^  rather  than  a  mitote  attended  by  the 
members  of  the  band. 

Occasionally  trade  became  an  integral  part  of  the  ceremony,  and  it  may 
have  had  an  important  correlation  with  peace-making  activities.  Gift  ex¬ 
change  was  an  important  part  of  the  ceremony,  as  indicated  by  the  furnish¬ 
ing  of  food  and  drink  to  the  guests,  and  later  by  the  presentation  of  gifts 
to  departing  guests. 

WEALTH  AND  PRESTIGE 

From  the  material  which  has  been  examined,  a  concept  of  wealth  based 
upon  the  accumulation  of  goods  was  obviously  foreign  to  Coahuiltecan 
culture.  The  concept  of  wealth  which  was  present,  if  present  in  any  formal¬ 
ized  form,  was  probably  oriented  more  toward  the  distribution  of  goods  as 
an  expression  of  wealth,  although  not  to  the  extent  found  among  other 
tribes  of  North  America. 

Prestige  was  obtained  through  valiant  exploits  on  the  field  of  battle. 
Skill  and  valor  led  to  the  chieftainship.  The  position  of  chief  was  a  recog¬ 
nition  of  the  individual’s  prestige  gained  through  warfare.  There  are  allusions 
which  indicate  that  a  hunter  was  respected  for  his  ability  and  was  able  to 
derive  some  prestige  through  his  hunting  exploits.  The  man  who  directed 
a  successful  mitote  was  apparently  accorded  some  measure  of  prestige  in 
recognition  of  his  efforts.  Shamans  were  apparently  highly  regarded,  which 
may  be  an  indication  of  prestige  derived  from  their  activities.  Alternative 
systems  of  acquiring  prestige  made  it  possible  for  an  individual  to  gain 
recognition  from  the  group,  if  he  did  not  attain  the  expected  prestige  on 
the  field  of  battle. 

POPULATION  INFLUENCES  ON  ECONOMICS 

A  surprising  amount  of  population  data  is  available  (see  Table  I),  even 
though  much  of  it  is  not  usable.  Some  figures  have  been  used  which  may 
not  be  reliable,  but  in  each  case  such  figures  have  been  designated  with  a 
question  mark  (?).  The  data  contained  in  Table  I  are  for  the  time  period 
165  5-1750,  and  the  sources  for  these  data  have  been  identified. 

For  the  time  period  A.  D.  1655-1750  there  is  a  total  population  of 
7,3  3  8  persons  in  5  0  Coahuiltecan  bands.  These  figures  give  an  average  of 
145.7  persons  per  band.  The  total  is  a  composite  of  the  Coahuiltecan  area, 
and  it  is  felt  that  140  persons  per  band  represents  a  conservative  estimate 
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of  the  Coahuiltecan  population.  By  multiplying  this  average  by  614^  the 
total  number  of  Coahuiltecan  bands,  a  population  estimate  of  86,000  per¬ 
sons  is  obtained. 

This  estimate  is  considered  conservative  for  several  reasons.  The  Bobole 
population  for  1665  does  not  include  women  and  children,  only  warriors, 
indicating  that  the  total  population  was  much  higher  at  that  time.  When 
Bosque  encountered  the  Xape  in  1675,  they  reported  that  they  were  re¬ 
turning  to  their  village  from  a  hunting  trip.  The  number  of  individuals 
Bosque  counted  at  that  time  is,  therefore,  incomplete,  and  a  later  popula¬ 
tion  count  of  168  8  is  probably  more  accurate,  even  though  the  population 
figures  are  questionable  because  of  band  mixing.  Saldivar  (1946)  noted 
that  the  population  figures  for  some  of  the  Tamaulipan  bands  were  incom¬ 
plete  and  referred  only  to  those  Indians  who  were  at  the  local  missions  in 
that  area.  While  it  is  true  that  many  bands  were  not  as  large  as  the  Bobole 
and  Kesale  for  example,  it  is  equally  true  that  the  average  for  all  Coahuilte¬ 
can  bands  must  have  been  considerably  more  than  100  persons  per  band. 
Using  140  persons  per  band  seems  acceptable  under  these  circumctances. 

It  may  be  noted  that  this  estimate  of  the  Coahuiltecan  population  is 
radically  different  from  those  of  Mooney  (1928)  and  Kroeber  (1939). 
Mooney  stated  that  the  Aranama  in  1690  had  a  population  of  200  persons 
and  the  Coahuiltecans  in  the  United  States  had  a  population  of  15,000  per¬ 
sons.  It  is  felt  that  this  estimate  should  be  revised  upward  to  20,000.  Kroeber, 
on  the  other  hand,  gave  a  population  of  2,000  persons  for  the  Coahuiltecan 
bands  of  the  United  States,  but  he  noted  that  only  a  part  of  the  Coahuilte¬ 
cans  were  included.  He  indicated  a  total  population  of  15,000  persons  for, 
presumably,  the  entire  Coahuiltecan  area.  This  estimate  is  too  conservative. 
It  might  be  pointed  out  that  on  the  basis  of  Swanton’s  incomplete  list  of  212 
bands,  this  estimate  would  give  an  average  of  71  persons  per  band,  which 
is  too  low. 

The  Coahuiltecan  area  is  composed  of  approximately  198,000  square 
miles.  Such  an  extensive  area  would  yield  an  actual  density  of  2.3  square 
miles  per  person.  The  calculation  of  an  active  density  is  somewhat  more 
difficult.  The  area  in  which  the  Coahuiltecans  ranged  was  actually  some¬ 
what  less  than  the  area  just  mentioned.  There  are  certain  areas  which  do  not 
seem  to  have  been  used  frequently,  and  in  some  cases  no  indication  exists 
in  the  literature  of  an  Indian  group  residing  in  these  areas.  They  are  not 
extensive  and  represent  only  about  eight  per  cent  of  the  total  area  concerned. 

A  figure  of  ten  per  cent  has  been  used  to  designate  the  unused  por¬ 
tions  of  the  Coahuiltecan  area  and  to  allow  for  an  increase  in  density  ac¬ 
cruing  from  the  presence  of  neighboring  peoples,  such  as  the  Tonkawa  and 
Karankawa.  Thus  it  may  be  said  that  the  native  density  was  2.1  square 
miles  per  person. 

An  attempt  has  been  made  to  determine  the  amount  of  territorial  over¬ 
lapping  within  the  Coahuiltecan  area.  This  figure  was  found  to  vary  be¬ 
tween  ten  and  twenty  per  cent,  and  fifteen  per  cent  should  approximate 
the  territorial  overlapping  in  the  Coahuiltecan  area. 

The  influence  of  the  population  on  Coahuiltecan  economics  is  indi¬ 
cated  through  the  density  figures,  which  show  a  possible  overpopulation  of 
the  area.  If  the  evidence  is  examined,  overpopulation  is  more  strongly  indi¬ 
cated.  The  more  favorable  areas  of  Tamaulipas  were  occupied  by  over  100 
bands.  Zamorra  listed  161  bands  in  northern  Nuevo  Leon.  Zamorra  placed 
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71  of  these  bands  within  ten  to  twelve  leagues  of  Cerralvo.  For  nomadic 
groups  such  concentrations  of  population  are  remarkable.  While  it  is  diffi¬ 
cult  to  prove  the  existence  of  overpopulation,  the  indications  are  clear  that 
the  Coahuiltecan  area  was  overpopulated. 

Economically,  overpopulation  would  cause  a  considerable  drain  on  the 
available  food  supply,  and  might  have  led  to  war.  It  might  be  noted  that 
trespassing  on  band  territory  was  a  universal  motive  for  war  among  the 
Coahuiltecan  peoples.  The  entrance  of  the  Spaniards,  along  with  new,  foreign 
Indian  groups,  probably  made  the  situation  more  critical,  which  could  ac¬ 
count  for  the  ferocity  with  which  the  Coahuiltecans  greeted  the  Spaniards. 
With  choice  locations  being  selected  by  the  Spaniards  as  townsites,  the 
Coahuiltecans  were  displaced  into  less  favorable  areas.  This  displacement, 
coupled  with  the  resultant  strain  on  the  available  food  supply,  plus  the 
entrance  of  new  Indian  groups,  seems  to  have  been  one  of  the  fundamental 
reasons  for  the  rapid  missionization  of  the  Coahuiltecans.  As  the  Indians 
entered  the  missions  and  learned  agricultural  techniques,  the  population 
pressure  on  the  environment  was  relieved.  The  entrance  of  the  Coahuiltecans 
into  mission  life  brought  them  into  close  contact  with  the  Spanish  culture, 
and  their  own  was  rapidly  forgotten.  These  factors  help  to  explain  the  rapid 
disappearance  of  the  Coahuiltecan  peoples. 

CONCLUSION 

The  Coahuiltecans  were  able  to  make  a  satisfactory  and  workable  ad¬ 
justment  to  their  environment.  Their  technology  was  developed  to  the  point 
where  they  could  cope  with  the  natural  environment  and  provide  themselves 
with  food,  clothing  and  shelter.  Trade  was  developed  so  that  a  band  could 
obtain  materials  which  were  not  present  in  their  own  locality. 

Since  they  were  engaged  in  a  never-ending  search  for  food,  they  did 
not  see  fit  to  place  emphasis  upon  the  accumulation  of  goods.  Instead,  they 
felt  that  the  community  should  benefit  from  the  endeavors  of  all  the  band 
members.  Food  obtained  through  hunting  was  distributed  to  all  the  band 
members  in  accordance  with  this  concept,  but  a  prestige  system  was  formed 
so  that  the  community  might  reward  and  recognize  individual  efforts. 

Although  the  pressure  from  overpopulation  might  have  caused  some 
degree  of  friction  between  various  bands,  these  difficulties  were  not  al¬ 
lowed  to  interfere  with  their  search  for  food.  Friction  led  to  war,  but  the 
attacking  band  always  made  sure  that  a  sufficient  supply  of  food  was  avail¬ 
able  for  several  days.  Foods  not  used  by  modern  societies  were  found  to  have 
nutritive  value,  and  the  Coahuiltecans  did  not  show  any  hesitance  in  using 
them. 

The  environment  placed  a  limitation  on  the  development  of  Coahuil¬ 
tecan  culture.  This  limiting  factor  can  be  seen  in  both  the  religious  and 
governmental  patterns.  Lack  of  an  abundant  food  supply  made  a  nomadic 
life  necessary,  since  agriculture  was  absent.  These  factors  made  the  develop¬ 
ment  of  an  elaborate  religious  pattern  unworkable.  The  same  factors  made 
the  development  of  an  elaborate  governmental  organization  impossible, 
since  the  available  food  supply  limited  the  size  of  the  local  group.  The 
environment  also  placed  a  limitation  on  the  development  of  Coahuiltecan 
technology,  which  in  turn  inhibited  the  expansion  of  the  economic  system. 

Coahuiltecan  culture  itself  placed  controls  over  the  environment,  in 
that  certain  things  should  be  used  and  others  should  not  be  used.  Thus, 
Coahuiltecan  culture  both  influenced  and  was  influenced  by  the  environ- 
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ment.  The  Coahuiltecan  economic  system  shows  that  culture  may  be  limited 
by  the  environment,  but  that  the  environment  does  not  necessarily  determ¬ 
ine  culture. 
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PROFESSIONAL  EDUCATION  VERSUS  SPECIALIZATION 
IN  TEACHER  EDUCATION 


FAYE  M.  JONES 
Texas  Christian  University 

The  proper  education  and  training  of  teachers  in  the  United  States 
has  been  a  matter  of  increasing  concern  during  the  past  fifty  years.  This 
paper  represents  an  inquiry  into  one  controversial  aspect  of  this  general 
problem. 

In  the  spring  of  1952,  an  attempt  was  made  to  discover  whether  pro¬ 
fessional  education  courses  or  courses  in  specialized  departments,  such  as 
history,  chemistry,  sociology,  etc.,  were  regarded  by  teachers  as  more  valu¬ 
able  to  them  in  their  work.  Questionnaires  (see  sample  at  end  of  this  paper) 
were  sent  to  2045  white  classroom  teachers  in  Tarrant  County,  Texas.  Of 
the  questionnaires  sent,  62%  were  satisfactorily  completed  and  returned. 
An  analysis  of  the  questionnaire  responses  yielded  the  following  data. 


QUESTIONS  1  AND  3 :  TEACHING  EXPERIENCE 


Less  than 

1 0  years 

10-19  20-29 

30-39 

Over  40 

Elementary 

48% 

28%  17%' 

6% 

1% 

Secondary 

42.4% 

23.1%  22% 

10% 

2.5% 

QUESTIONS  2  AND  3;  DEGREES  HELD 

Bachelors 

Masters 

Ph.  D. 

None 

Elementary 

72.8% 

27.1% 

- 

.1% 

Secondary 

54% 

45.8% 

(1) 

.2% 

Questions  4,  5,  6,  and  7  elicited  subjective  responses,  but  these  should 
not  be  minimized.  They  definitely  reveal  conscious  attitudes  toward  the 
types  of  college  courses  under  consideration. 

QUESTION  4:  RECENT  COLLEGE  REFRESHER  WORK 

Elementary  66% 

Secondary  5  8  % 


QUESTION  5 :  TYPES  OF  COURSES  TAKEN  DURING 


REFRESHER  WORK 

Professional  Specialized 

Education  Courses 

Both 

Elementary 

65%^ 

7% 

28% 

Secondary 

40% 

30%^ 

30% 

QUESTION  6: 

TYPES  OF  COURSES  CONSIDERED 

MOST  VALUABLE 

Special  Methods  Special  Methods 

General 

Professional 

in  Education  by  Specialized 

Methods 

Education 

Subject 

Elementary 

32% 

53% 

8% 

7*% 

Secondary 

10% 

71% 

8% 

11% 
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QUESTION  7:  PRACTICAL  VALUE  OF  TYPES  OF  COURSES 


Elementary 

Secondary 


Professional 

Specialized 

Both 

Education 

Courses 

46% 

50% 

4% 

27% 

69% 

4% 

QUESTION  8:  ATTITUDES  TOWARD  REQUIREMENT  FOR 
FURTHER  COLLEGE  WORK  IN— 


Elementary 

Secondary 


Professional 

Specialized 

Both 

Neither 

Education 

Courses 

29% 

46% 

15% 

10% 

9% 

62% 

14% 

15% 

From  the  foregoing  tabulated  data  it  is  apparent  that  teachers  at  the 
elementary  level  believe  that  they  realize  more  benefits  from  courses  given 
in  colleges  of  education  than  do  teachers  at  the  secondary  level.  On  every 
question  except  No.  5,  secondary  teachers  give  precedence  to  specialized 
courses.  While  the  same  is  true  of  elementary  teachers,  the  percentages  pre¬ 
ferring  each  type  of  course  is  very  nearly  equal.  It  is  likely  that  the  per¬ 
centage  of  elementary  teachers  preferring  professional  education  courses 
should  be  higher  because  some  teachers  interpreted  "field  of  specialization” 
as  meaning  elementary  education. 

A  preponderance  of  teachers  have  less  than  10  years  of  teaching  experi¬ 
ence,  and  76%  of  the  elementary  and  6  5.5%  of  the  secondary  teachers  have 
less  than  20  years  of  experience.  This  is  pertinent  because  it  indicates  that 
their  training  has  occurred  under  the  revised  and  improved  teacher-training 
programs  of  the  last  twenty-five  years,  thus  rendering  their  comments  rele¬ 
vant  to  existing  programs  of  teacher  education. 

That  a  negligible  percentage  of  the  teachers  possess  no  academic  degree 
is  also  significant,  as  opinions  expressed  are  based  on  full  knowledge  of 
present-day  course  and  program  offerings. 

The  teachers  questioned  objected  to  college  refresher  work  under  in¬ 
structors  who  have  no  more  advanced  education  or  degrees  than  they  them¬ 
selves  have.  It  was  felt  that  the  college  teacher  should  hold  a  teacher’s  cer¬ 
tificate  equal  to  or  higher  than  the  one  sought  by  the  student-teacher. 

This  study  indicates  that  professional  education  courses  should  be  scru¬ 
tinized  for  true  teaching  value  and  that  reorganization  should  be  instituted 
in  many  such  courses.  Closer  articulation  between  colleges  of  education  and 
specialized  departments  is  also  an  indicated  need.  Vagueness  of  purpose  and 
overlapping  of  content  in  professional  education  courses  was  criticized. 
Methods  courses  taught  in  colleges  of  education  by  specialists  with  teaching 
and  research  experience  were  commended. 

This  investigation  might  profitably  be  pursued  along  other  channels. 
It  might  be  interesting  to  correlate  responses  of  teachers  involved  in  this 
survey  with  their  teaching  success  as  evaluated  by  their  administrators.  A 
special  analysis  by  subject  taught  might  also  yield  valuable  results. 

QUESTIONNAIRE  USED 

1.  Years  of  experience _ _  Degree - 

2.  Years  of  college  work _  Major  _ _ _ 

3.  Grade  level  taught _  Minor  _ 
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4.  Did  you  take  college  refresher  course  in  last  three  years?  Yes 

No 

5.  Did  you  take  course  in  Education 

Field  of  Specialization 

6.  Check  (in  order  of  preference  1,  2,  3,  4)  the  type  of  college 
course  that  you  would  consider  most  beneficial  to  your  profes¬ 
sional  improvement: 

a.  Special  methods  course  taught  in  School  of  Education 

b.  Special  methods  course  taught  by  subject  specialist 

c.  Courses  in  general  methods 

d.  Courses  in  professional  education 

7.  Check  type  of  course  in  your  pre-service  training  that  has  been 
of  most  practical  value  to  you  in  teaching  in  public  school 

a.  Professional  education  courses 

b.  Special  subject  field  {i.  e.,  mathematics,  English,  etc.) 

8.  Should  teachers,  after  securing  initial  certificate  to  teach,  be  re¬ 
quired  to  return  to  college  for  additional  course  work  in: 

a.  Education 

b.  Field  of  specialization 

9.  (Here  questionees  placed  spontaneous  comment,  either  con¬ 
structively  critical  or  critical  remarks  relevant  to  education 
requirements  for  teachers.) 


SCIENCE  ACTIVITIES  IN  TEXAS 


The  Southwestern  Association  of  Naturalists  was  formed  at  an  organi¬ 
zational  meeting  attended  by  52  individuals  at  the  University  of  Oklahoma 
Biological  Station  at  Lake  Texoma  on  May  23,  1953.  According  to  its 
constitution,  "The  object  of  the  Association  shall  be  to  promote  the  field 
study  of  plants  and  animals,  living  and  fossil,  in  the  Southwestern  United 
States  and  Mexico,  and  to  aid  the  scientific  activities  of  its  members.”  This 
society  hopes  to  stimulate  the  study  of  the  region  by  bringing  together  in¬ 
dividuals  of  like  interests  through  publication  of  annotated  membership 
lists,  annual  meetings,  and  perhaps  later  through  the  publication  of  a  journal. 
The  present  membership  is  approximately  200,  of  which  about  75  are  in 
Texas. 

The  following  officers  were  elected  for  the  first  year:  president,  W. 
Frank  Blair  (Vertebrate  Zoology),  The  University  of  Texas;  vice  president, 
George  J.  Goodman  (Plant  Taxonomy),  University  of  Oklahoma;  and 
secretary-treasurer,  Herndon  G.  Dowling  (Herpetology),  University  of 
Arkansas.  Three  members  of  the  Board  of  Governors  are  from  Texas:  W.  K. 
Clark,  Sam  Houston  State  College;  Joe  C.  Elkins,  American  Optical  Com¬ 
pany,  Dallas;  and  Clark  Hubbs,  The  University  of  Texas. 

The  geographic  scope  of  the  Southwestern  Association  of  Naturalists 
includes  Mexico  and  the  states  of  Arizona,  Arkansas,  Kansas,  Louisiana,  New 
Mexico,  Oklahoma,  and  Texas.  Individuals  interested  in  the  natural  history 
of  this  region  are  invited  to  join  the  Association.  Membership  blanks  may 
be  obtained  from  any  of  the  officers. 


Friends  of  Southern  Methodist  University  will  be  interested  in  the 
following  new  developments  at  that  institution. 

On  October  20,  195  3,  Southern  Methodist  University  was  elected  a 
sponsoring  institution  of  the  Oak  Ridge  Institute  of  Nuclear  Studies.  Dr. 
W.  W.  Grigorieff,  Chairman  of  the  University  Relations  Committee  of 
the  Oak  Ridge  Institute  of  Nuclear  Studies,  visited  the  Southern  Methodist 
University  campus  shortly  thereafter. 

Lloyd  Shinners,  Assistant  Professor  of  Biology,  and  Alvin  North,  As¬ 
sociate  Professor  of  Psychology,  have  been  awarded  faculty  fellowships  by 
the  Ford  Foundation  for  the  1953-54  academic  year.  Shinners  plans  to  com¬ 
plete  the  text  of  his  forthcoming  book  on  the  flora  of  northeastern  Texas, 
and  he  will  also  be  engaged  in  research  on  other  projects  at  the  University 
of  California.  Replacing  Shinners  is  Robert  W.  Long,  who  is  nearing  com¬ 
pletion  of  his  doctoral  studies  at  Indiana  University. 

Robert  Lindsay  has  joined  the  physics  staff  at  Southern  Methodist 
University.  He  is  a  graduate  of  Brown  University  and  The  Rice  Institute, 
and  for  the  past  several  years  has  been  conducting  research  in  thermo¬ 
dynamics  with  the  U.  S.  Bureau  of  Standards.  Together  with  John  Bane- 
wicz.  Assistant  Professor  of  Chemistry,  Lindsay  will  begin  a  series  of  ex¬ 
periments  in  solid-state  physics. 

Bob  F.  Perkins  has  received  an  appointment  in  the  Department  of  Bi¬ 
ology  and  the  Department  of  Geology.  He  returns  from  graduate  studies 
in  paleontology  and  zoology  at  the  University  of  Michigan.  This  year  he 
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is  attempting  to  integrate  courses  in  invertebrate  paleontology  and  inverte¬ 
brate  morphology  for  advanced  students  in  biology  and  geology.  He  is  also 
engaged  in  research  on  invertebrates  of  the  Lower  Cretaceous  of  northern 
Mexico. 

Tom  Lee  McKnight  has  accepted  an  appointment  as  Teaching  Fellow 
in  Geography  while  he  is  preparing  a  doctoral  dissertation  on  the  urban 
geography  of  Dallas  for  the  University  of  Wisconsin.  McKnight  did  his 
undergraduate  work  in  geography  and  geology  at  Southern  Methodist  Uni¬ 
versity. 

A  seismological  laboratory  will  be  dedicated  at  Southern  Methodist 
University  before  the  end  of  the  year.  At  the  present  time  a  vault  is  being 
excavated  below  the  basement  of  the  Fondren  Science  Building  and  instru¬ 
ments  designed  by  Dr.  Hugo  Benioff  are  being  built  in  Dallas.  The  labora¬ 
tory  is  jointly  sponsored  by  the  Dallas  Geophysical  Society  and  Southern 
Methodist  University.  Studies  of  earthquake  waves  as  recorded  in  Dallas  will 
probably  shed  new  light  on  the  layering  of  the  earth’s  crust  in  that  part 
of  the  world.  Dr.  Benioff  will  be  on  hand  to  speak  at  the  dedication  cere¬ 
monies. 

The  National  Academy  of  Sciences,  composed  of  514  of  the  most  dis¬ 
tinguished  scientists  in  the  United  States,  includes  seven  members  from 
Texas.  These  are:  E.  L.  DeGolyer,  consulting  geologist  of  Dallas;  William 
V.  Houston,  President  of  The  Rice  Institute;  R.  L,  Moore,  T.  S.  Painter, 
J.  T.  Patterson,  H.  S.  Vandiver,  and  R,  J.  Williams,  all  of  The  University 
of  Texas.  Texas  leads  the  South,  which  has  a  total  of  twenty-two  members. 

On  October  29,  Dr.  Logan  Wilson  was  inaugurated  as  President  of  The 
University  of  Texas.  Some  three  hundred  colleges,  universities,  and  learned 
societies  were  represented  by  delegates.  On  this  occasion  Dr.  Harlan  Hatcher, 
President  of  the  University  of  Michigan,  gave  an  address  entitled  "The  Role 
of  the  State  University  in  Higher  Education  in  the  Second  Half  of  the 
Twentieth  Century.”  This  was  followed  by  President  Wilson’s  address, 
"The  University  of  Texas  and  Higher  Education  in  the  Second  Half  of  the 
Twentieth  Century.” 

Dr.  Wilson,  who  is  a  sociologist,  holds  the  following  degrees:  B.  A. 
(Sam  Houston  State  College),  M.  A.  (The  University  of  Texas  and  Harvard 
University),  Ph.  D.  (Harvard  University),  and  LL.  D.  (Tulane  University). 
Before  assuming  his  duties  at  The  University  of  Texas,  Dr.  Wilson  was  Aca¬ 
demic  Vice  President  of  the  University  of  North  Carolina.  He  has  taught 
at  the  University  of  Maryland,  Tulane  University,  and  the  University  of 
Kentucky.  Before  going  to  the  University  of  North  Carolina,  Dr.  Wilson 
served  as  Dean  of  Sophie  Newcomb  College  in  New  Orleans. 


On  December  17-22,  the  Third  International  Conference  on  Low  Tem¬ 
perature  Physics  was  held  at  The  Rice  Institute,  Houston,  Texas. 


The  Departments  of  Biology  and  Geology  at  Baylor  University  are 
planning  to  offer  held  courses  in  north  central  New  Mexico  during  the 
summer  of  19  54.  An  unusual  feature  of  the  program  will  be  the  inclusion 
of  introductory  courses  in  each  of  these  sciences. 
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Harold  H.  Beaver  of  Lamar  State  College  of  Technology  has  joined 
the  staff  of  the  Geology  Department  at  Baylor  University.  He  is  doing 
research  on  blastoids. 

The  Department  of  Sociology  at  Baylor  University  has  in  progress  a 
study  of  the  socializing  factors  in  the  woman’s  college.  It  is  expected  that 
this  study  will  extend  over  a  period  of  two  years  or  more.  Interest  in  the 
study  has  grown  out  of  reduced  attendance  at  colleges  for  women  and 
dwindling  financial  support  of  such  colleges.  It  is  hoped  that  the  study  will 
prove  to  be  of  value  to  boards  of  trustees  and  administrative  officials  in 
setting  up  plans  and  policies  for  women’s  colleges. 

Marian  Paul  Willis  and  William  E.  Hercher  have  joined  the  Depart¬ 
ment  of  Psychology  at  Baylor  University.  Willis  is  head  of  the  Experimental 
Laboratories,  and  Hercher  is  in  charge  of  the  Reading  Clinic. 

William  B.  Cook  has  joined  the  staff  of  the  Department  of  Chemistry 
at  Baylor  University.  He  has  a  grant  for  work  on  the  isolation  and  elucida¬ 
tion  of  the  alkaloids  of  Impomoae  sidafolia  choisy.  A.  G,  Pinkus,  who  joined 
that  department  in  1952,  is  receiving  financial  aid  for  work  in  stereo¬ 
chemical-kinetics  involving  restricted  rotation. 


The  19  54  spring  meeting  of  the  Acoustical  Society  of  America  will  be 
held  in  New  York  City,  June  20-24.  The  fall  meeting,  scheduled  for  No¬ 
vember  19-21,  1954,  will  be  held  at  the  University  of  Texas.  This  will  be 
the  first  national  meeting  of  the  society  in  the  Southwestern  area.  The 
fall  1954  meeting  will  hear  papers  on  artificial  speech,  the  theory  and 
mechanism  of  hearing,  submarine  detection  and  other  aspects  of  underwater 
sound,  architectural  and  musical  acoustics,  industrial  noise  control,  and  high- 
frequency  sound  waves  which  affect  plant  growth  and  chemical  reaction. 


The  Southwest  Research  Institute  at  San  Antonio  is  now  actively  en¬ 
gaged  in  a  research  program  on  high  energy  materials.  One  of  their  projects 
concerns  the  development  of  processes  in  a  new  field  of  inorganic  chemistry 
yielding  high  energy  inorganic  materials  of  a  reducing  nature.  Another 
project  soon  to  be  started  involves  a  new  development  in  the  economical 
manufacture  of  oxidizing  materials  such  as  peroxides  and  superoxides  suit¬ 
able  for  fuels  or  industrial  oxidation  such  as  bleaching,  A  third  project  is 
investigating,  from  a  fundamental  standpoint,  the  little  understood  subject 
of  the  ignition  of  propellants  and  explosives.  A  fourth  project  is  studying 
the  use  of  a  slow  burning  propellant  in  an  oil  well  application  requiring 
application  of  large  forces  for  moderately  short  durations.  Another  project 
deals  with  the  effects  of  various  factors,  including  the  propellant,  on  the 
launching  and  accuracy  of  rockets.  Plans  are  being  laid  to  study  the 
equilibria  and  the  chemical  reactions  which  may  be  brought  about  under 
the  extreme  conditions  existing  in  a  detonation  wave  or  a  jet  combustion 
process. 


Rehabilitation  efforts  in  San  Angelo  and  Waco  following  the  disastrous 
tornadoes  which  struck  those  cities  in  May,  195  3,  are  being  studied  by  the 
Department  of  Sociology  of  the  University  of  Texas. 
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While  numerous  studies  have  been  made  of  the  immediate  impact  of 
disasters  on  persons  and  small  groups,  and  a  smaller  number  of  studies  have 
been  concerned  with  the  destruction  of  community  facilities,  few  disaster 
students  have  been  concerned  with  consequences  for  community  organiza¬ 
tion,  and  still  fewer  with  the  ways  in  which  communities  and  social  groups 
go  about  the  task  of  reconstituting  themselves  following  such  disorganizing 
experiences. 

The  present  study  is  concentrating  on  a  few  areas  in  which  groups 
and  institutions  seem  clearly  involved.  In  the  economic  sphere  information 
is  being  sought  on  such  matters  as  the  sources  from  which  funds  for  re¬ 
habilitation  are  drawn,  shifts  in  land-use  patterns,  changes  in  employment, 
the  roles  of  economic  institutions  such  as  chambers  of  commerce,  contrac¬ 
tor’s  organizations  and  allied  businesses. 

The  role  of  governmental  agencies,  local,  state,  and  federal,  in  pro¬ 
viding  direct  relief  to  persons  and  businesses,  the  effects  on  tax  structure, 
repair  and  extension  of  public  utility  facilities  by  municipalities  or  pri¬ 
vately  owned  corporations  appear  worthy  of  study.  School  systems  in  San 
Angelo  and  Waco  suffered  great  losses  in  destruction  of  property  and  face 
problems  of  readjustment  of  the  families  and  the  children  they  serve.  These 
also  are  being  studied. 

Relationships  between  organizations  working  at  the  task  of  rehabilita¬ 
tion  offer  an  enticing  field  for  investigation,  as  do  the  leadership  patterns 
in  these  institutions  and  in  the  community  generally.  And  because  of  the 
serious  impact  on  family  structure,  special  emphasis  is  being  placed  on  this 
aspect  of  the  study. 

The  news  treatment  of  rehabilitation  efforts  by  newspapers  in  the  two 
cities  is  being  studied  in  an  effort  to  get  at  the  ways  in  which  these  pur¬ 
veyors  of  information,  and  the  communities  to  a  lesser  degree,  see  the  prob¬ 
lems  facing  them  and  the  means  by  which  their  solution  is  sought. 

Funds  for  this  study  have  come  in  small  amounts  from  several  sources. 
The  National  Academy,  through  its  Committee  on  Disaster  Studies,  has 
made  a  small  grant.  The  Research  Institute,  the  Institute  for  Public  Affairs, 
and  the  Hogg  Foundation  for  Mental  Hygiene,  all  of  the  University  of 
Texas,  have  also  contributed  to  a  budget  which  amounts  to  less  than 
$10,000.  The  study  is  under  the  direction  of  Harry  E.  Moore,  Associate 
Professor  of  Sociology.  Warner  E.  Gettys,  Fred  R.  Crawford,  Ted  Brannan, 
and  Mrs.  Mary  Elizabeth  Power  have  been  active  in  the  research  program. 


The  American  Physical  Society  will  meet  in  Austin,  Texas,  on  February 
26  and  27,  1954.  Headquarters  will  be  at  the  Driskill  Hotel,  but  most  of 
the  sessions  will  be  held  on  the  campus  of  The  University  of  Texas. 


The  preceding  issue  of  THE  TEXAS  JOURNAL  OF  SCIENCE,  Vol.  V,  No.  3, 
September,  1953,  was  mailed  from  San  Marcos,  Texas,  on  Oct.  5,  1953. 
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